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0 EXECUTIVE SUMMARY

Soil moisture field experiments have been very successful at addressing a broad range of science
questions, focusing technology development and demonstration, and providing educational
experiences for undergraduate and graduate students. The data have been used in studies that
went well beyond the algorithm research, primarily due to an emphasis on developing map-based
products.

For 2003, a soil moisture field experiment (SMEXO03) is proposed that would support the NASA
Terrestrial Hydrology Program Soil Moisture Mission science objectives, the NASA Global
Water and Energy Cycle Research Program, the EOS Aqua Advanced Microwave Scanning
Radiometer (AMSR) Project, and NOAA-DOD prototype land parameter algorithms utilizing
data from the Special Sensor Microwave Imager (SSM/I) and Coriolis/Windsat. The objectives
of SMEXO03 are to understand land-atmosphere interactions, extend instrument observations and
algorithms to a broader range of vegetation conditions, validate land surface parameters retrieved
from AMSR data, and evaluate new instrument technologies for soil moisture remote sensing.
We have chosen to address the combined objectives with ground/aircraft/spacecraft observations
over sites in Oklahoma, Georgia, Alabama, and Brazil during the summer of 2003.

This report describes the elements of SMEXO03 in detail. Coverage includes the aircraft and
satellite soil moisture sensors, the land atmosphere experiments, aircraft missions, ground data
collection, regional networks and test sites. A set of abstracts describing the research goals of the
individual investigators is also included.



1  OVERVIEW AND SCIENTIFIC OBJECTIVES

The significance of a hydrologic state variable is expressed well in the recent description of
NASA’s Global Water and Energy Cycle research program. Water is at the heart of both the
causes and the effects of climate change. Ascertaining the rate of cycling of water in the Earth
system, and detecting possible changes, is a first-order problem with regard to the renewal of
water resources and hydrologic hazards. A more complete understanding of water fluxes,
storage, and transformations in the land, atmosphere, and oceans will be the central challenge
to the hydrological sciences in the 21* century. Improved knowledge and prediction of the water
cycle can yield large benefits for resource management and regional economies if variability
and uncertainties can be understood, quantified and communicated effectively to decision-
makers and to the public. The overarching objective is to improve the understanding of the
global water cycle to the point where useful predictions of regional hydrologic regimes can be
made. This predictive capability is essential for practical applications to water resource
management and for validating scientific advances through the test of real-life prediction.

Soil moisture is the key state variable in hydrology: it is the switch that controls the proportion of
rainfall that percolates, runs off, or evaporates from the land. It is the life-giving substance for
vegetation. Soil moisture integrates precipitation and evaporation over periods of days to weeks
and introduces a significant element of memory in the atmosphere/land system. There is strong
climatological and modeling evidence that the fast recycling of water through evapotranspiration
and precipitation is the primary factor in the persistence of dry or wet anomalies over large
continental regions during summer. As a result, soil moisture is the most significant boundary
condition that controls summer precipitation over the central U.S. and other large mid-latitude
continental regions, and essential initial information for seasonal predictions.

A common goal of a wide range of agencies and scientists is the development of a global soil
moisture observing system (Leese et al. 2001). Providing a global soil moisture product for
research and application remains a significant challenge. Precise insitu measurements of soil
moisture are sparse and each value is only representative of a small area. Remote sensing, if
achievable with sufficient accuracy and reliability, would provide truly meaningful wide-area
soil wetness or soil moisture data for hydrological studies over large continental regions.

Development and implementation of the remote sensing component of a global soil moisture
observing system will require advancements in science and technology. Many aspects of the
research require validation and demonstration, which can only be accomplished through
controlled large-scale field experimentation. Large-scale field experimentation requires
significant resources to be successful that are usually contributed from several programs.

Through a series of workshops and research announcements science and technology priorities for
soil moisture remote sensing have been identified. Elements requiring field experimentation were
identified and, to the extent possible, combined into Soil Moisture Experiments for 2002
(SMEXO02) and 2003 (SMEXO03). SMEX02 focused on microwave remote sensing of soil
moisture in an agricultural setting. SMEXO03 addresses validation and a range of natural
vegetation types.



At the present time there are three programs that significantly influence the direction of research
and the requirements of a soil moisture field experiment. These are the Soil Moisture Mission
(HYDROS), Global Water & Energy Cycle (GWEC) Research and Analysis, the Advanced
Microwave Scanning Radiometers (AMSR) on Aqua and ADEOS-II. The relevant science needs
of each program are described in the following sections. These were merged into the SMEX03
experiment plan.

1.1 Soil Moisture Missions and HYDROS

Soil moisture was recognized by the NASA Post 2002 program as a critical measurement. As a
result, several scientific reviews were conducted to define a Soil Moisture Mission (EX-4a). The
final report can be found at http:/maximus.ce.washington.edu/~tempcm/Post2002/smm3.html. ~ This
mission is based on a scientific consensus that an L. band microwave remote sensing with high
spatial resolution (<10 km) is needed for soil moisture. Alternative technology paths toward
achieving this include combining large filled aperture antennas and radar and synthetic aperture
radiometers. In a series of workshops the following science issues were identified hat needed to
be addressed in field experiments:

e Conduct a field experiment to collect passive microwave data to extend the calibration and
validation to agricultural crops at peak biomass.

e Conduct a field experiment to collect passive microwave data to validate algorithm
performance in regions with diverse topography.

o Conduct field experiments to collect passive microwave data to explore their usefulness in
different types of forest canopies.

e Soil moisture retrieval algorithms that rely on ancillary data or multichannel data need to be
compared

e Evaluations of soil moisture retrieval techniques with C band data can be performed using
near future satellite missions such as Aqua and ADEOS-II. Conduct field experiments to
collect aircraft and ground passive microwave data concurrent with AMSR over passes that
will allow the validation of algorithms and definition of the scaling behavior of the
measurements.

e Establish a series of validation sites where high quality ground data will be collected
consistently.

e Airborne simulators for each proposed space instrument need to be built for pre-mission
studies and mission-current validation flights.

In response to the most recent ESSP AO, a soil moisture mission called HYDROS was
developed and proposed as the first NASA EX-4a mission (website). HYDROS as shown in
Figure 1 utilizes a filled aperture L band radiometer to provide a 40 km soil moisture product.
This is combined with higher resolution radar data to produce a 10 km soil moisture product.
HYDROS has been selected by NASA as an alternate mission and is currently in a risk reduction
phase. As part of the risk reduction several tasks were identified, one of which specifically
addresses demonstration of soil moisture algorithm performance using data from field
experimentation.
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As noted above, an alternative path for higher spatial resolution soil moisture products is
synthetic aperture radiometry. ESA is currently developing a moderate resolution (50 km) L
band two dimensional synthetic aperture radiometer. This is called the Soil Moisture Ocean
Salinity (SMOS) mission. Although it will not have the desired EX-4a spatial resolution, such a
mission would provide a first experience and a valuable science data product. At the present
time, the launch is anticipated in 2007 http://www.esa.int/export/esal.P/smos.html. SMOS will
utilize two dimensional synthetic aperture radiometry and will employ a variation on soil
moisture algorithms that has not been rigorously calibrated and validated. The aircraft
instruments utilized and field experiments conducted in SMEXO03 are highly relevant to the
SMOS project.

HYDROS

The Hydrosphere State Mission - A NASA Earth System
Science Pathfinder | HYDROS will provide the first global
views of Earth's changing soil moisture and land surface
freeze/thaw conditions, leading to breakthroughs in weather
and climate prediction and in the understanding of processes
linking water, energy, and carbon cycles.
MEASUREMENT REQUIREMENTS:
Spatial Resolution:
Hydroclimatology soil moisture at 40km
Hydrometerology soil moisture at 10km
Freeze/thaw condition at 3km
Temporal Sampling: Global in 2-3 days (2 days Above SON)
Mission Duration: 2 years
INSTRUMENT:
L-band active/passive system
Wide swath (1000 km) with constant look angle (39°)
STATUS:
In risk reduction to address algorithm and partnership questions

Figure 1. Features of the HYDROS mission.
1.2 Global Water & Energy Cycle (GWEC)

The most recent NASA initiative relevant to soil moisture research is the Global Water & Energy
Cycle (GWEC) program. A current focus of this program is to explore the connection between
weather-related fast dynamical/physical processes that govern energy and water fluxes, and
climate responses and feedbacks. The objective of this research is to address the water and
atmospheric energy cycles as a single integrated problem. This approach includes exploring the
response of regional hydrologic regimes (precipitation, evaporation, and surface run-off) to
changes in atmospheric general circulation and climate, and the influence of surface hydrology
(soil moisture, snow accumulation and soil freezing/thawing) on climate.

Key scientific questions of this program are listed below along with specific issues that can be
addressed by SMEX02 and SMEXO03.

Is the global cycling of water through the atmosphere accelerating?
e Assessment of large-scale variability patterns and/or global trends in the occurrence of
extreme hydrologic events (e.g., floods and droughts), based on the analysis of global remote
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sensing and insitu observational data.

o Estimation of evaporation fluxes over the land and oceans, based on the assimilation of
relevant observational data, and advanced parameterizations of model sub-grid scale
processes (e. g. planetary boundary layer dynamics).

o Diagnostics of spatial and temporal changes in the distribution of surface energy and water
storage; diagnostics of atmospheric responses to changes in ocean and land boundary
conditions.

What are the effects of clouds and surface hydrologic processes on climate change?

o Use satellite remote sensing to improve land surface process modeling and the understanding
of soil-vegetation-atmosphere interactions at regional or greater scales.

o Establish the interrelationships and feedbacks among clouds, precipitation, boundary layer,
and land surface processes using improved coupled land-atmosphere models and assimilated
data.

e Determine how land-atmosphere interactions, as affected by orography, vegetation, and soil,
affect the predictability of large-scale terrestrial hydrology and atmospheric systems,
including precipitation and runoff.

How are variations in local weather, precipitation, and water resources related to global
climate change?

e Analysis of the effect of spring and early summer hydrologic anomalies (snow accumulation,
soil moisture, soil freezing and thawing) on subsequent weather and precipitation patterns,
and hydrologic phenomena (impacts on runoff, water storage, and inland water bodies), and
how climate change might affect such anomalies in the future.

o Establish the scientific justification for future space-based observations of soil moisture,
snow, surface water, or other hydrologic variables, through scientific analysis and field
investigations, including the improvement in our understanding of the global water and
energy cycle, floods and droughts, and climate change.

e Determine techniques for transferring regional (e.g. GAPP) hydrologic process
understanding and prediction tools to other areas of the world, using remotely sensed and
emerging Coordinated Enhanced Observing Period (CEOP) observations scheduled for 2001
to 2003.

1.3 Advanced Microwave Scanning Radiometer (AMSR)

While it will be years before a spaceborne L band instrument will be available, a major opportunity
exists to maximize the AMSR instruments that are part of the recently launched Aqua and ADEOS-
IT satellites. A critical element of the AMSR program is validation of the soil moisture products. In
addition, there are gaps in the knowledge base available for algorithm development, especially over
vegetation. The EOS Aqua AMSR-E science team is highly involved in the SMEXO03 program.

AMSR includes C and X band channels that offer improved capabilities for soil moisture sensing
over current satellite options (even though it is less optimal than the proposed L band
radiometers proposed for SMOS and HYDROS). The spatial resolution will be significantly
better than its predecessor SMMR. Figure 2 is an example of composite coverage using the
descending orbits for the month of July 2002.



AMSR research will contribute to efforts to understand and validate soil moisture retrievals from
HYDROS and SMOS. Validating large footprint observations is a difficult task and in the past it
has been neglected. We have to commit to collecting real soil moisture data, not surrogate
variables, and these should correspond to the sensor measurement depth. What we learn in
attempting this for AMSR will be of great benefit to current and future soil moisture missions.

AMSR-E TB: monthly mean (10.7-H GHz), 06 2002
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Figure 2. Average AMSR-E brightness temperatures over the U.S. for July 2002.

All AMSR research will contribute to efforts to understand and validate soil moisture retrievals
from HYDROS and SMOS. Validating large footprint observations is a difficult task and in the
past it has been neglected. We have to commit to collecting real soil moisture data, not surrogate
variables, and these should correspond to the sensor measurement depth. What we learn in
attempting this for AMSR will be of great benefit to HYDROS and future soil moisture missions.

1.4  Soil Moisture Field Experiment for 2003 (SMEX03)

Field experiments, in particular the series that has been conducted at the Southern Great Plains
(SGP) site, have been very successful at addressing a broad range of science and instrument
questions. The data have been used in studies that went well beyond the algorithm research,
primarily due to an emphasis on developing map-based products.

For 2003, a field experiment is proposed that would support the science needs of Soil Moisture
Missions (HYDROS and future), GWEC, and AMSR. Main elements of the experiment are to
understand land-atmosphere interactions, validation of AMSR brightness temperature and soil
moisture retrievals, extension of instrument observations and algorithms to more challenging
vegetation conditions, and the evaluation of new instrument technologies for soil moisture



remote sensing. We have chosen to address the combined objectives with
ground/aircraft/spacecraft observations over sites in Oklahoma, Georgia, Alabama, and Brazil
during the summer of 2003.

This report describes the elements of SMEXO03 in detail. Coverage includes the aircraft and
satellite soil moisture sensors, the boundary layer experiments, aircraft missions, ground data
collection, regional networks and test sites. A set of abstracts describing the research goals of the
individual investigators is also included.
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2 SATELLITE OBSERVING SYSTEMS
2.1 Advanced Microwave Scanning Radiometers (AMSR and AMSR-E)

Two versions of the AMSR instrument were launched in 2002, AMSR-E on Aqua
(http://wwwghcc.msfc.nasa.2cov/AMSR/) in May and AMSR on ADEOS-II
(http://adeos2.hqg.nasda.go.jp/default e.htm) in December. If the AMSR and AMSR-E projects
continue as expected it is likely that data from both platforms will be available for SMEXO03.
SMEXO03 is Algorithm development and validations are very important components of SMEX03.

As shown in Table 1, the lowest frequency is 6.9 GHz (C band). However, preliminary studies
indicate that there is widespread radio frequency interference (RFI) in the C band channels.
Therefore, it is likely that the most useful channels for soil moisture will be those operating at the
slightly higher X band. The viewing angle of AMSR is a constant 55°. Details on AMSR-E can be
found at http://wwwghcc.msfc.nasa.gov/AMSR/ and AMSR at
http://adeos2.hqg.nasda.go.jp/shosai_amsr_e.htm. Figure 2 illustrates the type of coverage provided
by AMSR-E. There are some small differences in the spatial resolution of AMSR and AMSR-E.
The most important difference between the two satellites is the time of day of the overpasses. Aqua
is 1:30 am and pm local time and ADEOS-II is 10:30 am and 10:30 pm. AMSR has a slightly larger
antenna and higher altitude than AMSR-E resulting in slightly better spatial resolution and a swath
of 1600 km.

Based on the results of SMMR and supporting theory (Wang, 1985, Ahmed, 1995, and Njoku and
Li, 1999), we anticipate that this instrument will be able to provide soil moisture information in
regions of low vegetation cover, less than 1 kg/m” vegetation water content. There are very few
data sets that have been obtained that include the low frequencies of the AMSR instruments,
especially dual polarization at off nadir viewing angles. Early research efforts did examine these
frequencies in limited ground and aircraft experiments (Wang et al. 1983 and Jackson et al. 1984).
Several of these data sets can be found at the following web site http://hydrolab.arsusda.gov/.
Recent experiments have incorporated X and C band observations (Jackson and Hsu 2001, Jackson
et al. 2002).

Table 1. AMSR-E Characteristics
Frequency Polarization Horizontal Swath
(GHz) Resolution (km) (km)
6.925 V,H 75 1445
10.65 V,H 48 1445
18.7 V,H 27 1445
23.8 V,H 31 1445
36.5 V,H 14 1445
89.0 V,H 6 1445

Aqua includes several other instruments of potential value to investigators in the 2003
experiment:
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« The Atmospheric Infrared Sounder (AIRS) is a high-resolution instrument, which measures
upwelling infrared (IR) radiances at 2378 frequencies ranging from 3.74 and 15.4
micrometers.

+ The Advanced Microwave Sounding Unit (AMSU) is a passive scanning microwave radiometer
consisting of two sensor units, Al and A2, with a total of 15 discrete channels operating over
the frequency range of 50 to 89 GHZ. The AMSU operates in conjunction with the AIRS and
HSB instruments to provide atmospheric temperature and water vapor data both in cloudy and
cloud-free areas.

« Clouds and the Earth's Radiant Energy System (CERES) is a broadband scanning radiometer,
with three detector channels, 0.3 to 5.0 micrometers, 8.0 to 12.0 micrometers and 0.3 to 50
micrometers.

+  Humidity Sounder for Brazil (HSB) is a passive scanning microwave radiometer with a total
of 5 discrete channels operating in the range of 150 to 183 GHz.

+  Moderate Resolution Imaging Spectroradiometer (MODIS) is a passive imaging
spectroradiometer. The instrument scans a cross-track swath of 2330 km using 36 discrete
spectral bands between 0.41 and 14.2 micrometers.

ADEOS-II also has several other sensors that are relevant to SMEX03; GLI, SeaWinds (described
in a later section), and Polder. The Global Imager (GLI) is an optical sensor with 23 channels in the
visible and near-infrared region (VNIR), 6 channels in the short wavelength infrared region (SWIR),
and 7 channels in the middle and thermal infrared region (MTIR). The ground resolution is 1 km at
the nadir. Channels in VNIR and SWIR have a resolution of 250 m at the nadir. Swath width is
1600 km. Some important channels that had not been utilized in the past include the near ultraviolet
0.38 micrometer, oxygen absorption at (.76 micrometer, and water vapor absorption at 1.4
micrometer. It has 1.6, 2.2, 3.7, 8.6, 10.8, 12.0 micrometer channels, which correspond to
atmospheric windows, and 6.7, 7.3 and 7.5 micrometer channels for acquiring vertical profile of
water vapor field. More information can be found at http://adeos2.hg.nasda.go.jp/shosai_gli_e.htm.

The Polarization and Directionality of the Earth's Reflectance (POLDER) is a French CNES sensor
that measures the polarization, and directionality and spectral characteristics of the solar light
reflected by aerosols, clouds, oceans and land surfaces. Multi angle viewing is achieved by the
along track migration at the spacecraft velocity of a quasi-square footprint intercepted by the total
instantaneous +43° x £51° wide field of view. This footprint is partitioned into 242 % 274 elements
of quasi-constant 7 km X 6 km resolution, imaged by a CCD matrix in the focal plane.
Simultaneously, a filter and polarizer wheel rotates and scans eight narrow spectral bands in the
visible and near infrared (443, 490, 564, 670, 763, 765, 865, 910 nm), and three polarization angles
at 443, 670 and 865 nm. For more information see http://ceos.cnes.fr:8100/cdrom-
00b/ceos1/satellit/polder/grndseg.htm.

2.2 Tropical Rainfall Mapping Mission (TRMM) Microwave Imager (TMI)

All of the study areas in SMEXO03 fall within the coverage domain of the Tropical Rainfall
Mapping Mission (TRMM) Microwave Imager (TMI). It is a five-channel, dual-polarized,
passive microwave radiometer with a viewing angle of 52.75° (see Table 2). Coverage is
available between + and - 38 degrees latitude. The lowest frequency of the TMI is about half that
of the SSM/I. Other interesting features of the TMI are its significantly higher spatial resolution

12


http://adeos2.hq.nasda.go.jp/shosai_gli_e.htm
http://ceos.cnes.fr:8100/cdrom-00b/ceos1/satellit/polder/grndseg.htm
http://ceos.cnes.fr:8100/cdrom-00b/ceos1/satellit/polder/grndseg.htm

(at 19 GHz the TMI is 18 km as opposed to the SSM/I 60 km). For most of the southern U.S. it is
possible to obtain coverage every day. Details on this satellite can be found by starting at the
following web site http://trmm.gsfc.nasa.gov/data/. There are several sources for these data and
products. TMI data have been used in previous soil moisture mapping applications (Jackson and
Hsu 2001).

Table 2. TMI Characteristics
Frequency Polarization Horizontal Swath
(GHz) Resolution (km) (km)
10.7 V,H 38 790
19.4 V,H 18 790
21.3 H 16 790
37.0 V,H 10 790
85.5 V,H 4 790

2.3  Special Sensor Microwave Imager (SSM/I)

SSMV/I satellites have been collecting global observations since 1987. The SSM/I satellite data can
only provide soil moisture under very restricted conditions because the frequencies (see Table 3)
were not selected for land applications (Jackson 1997, Jackson et al. 2002, Teng et al. 1993). The
viewing angle of the SSM/I is 53.1°.

There may be as many as four satellites with the SSM/I on board in operation during SMEX03. The
ascending equatorial crossing times (UTC) of the three currently available satellites are F13 (17:54),
F14 (20:46), and F15 (21:20). F16 is scheduled for launch in summer 2003. SSM/I data are useful
in some aspects of algorithm development and provide a cross reference to equivalent channels on
the TMI and AMSR instruments. As part of SMEX03 an attempt will be made to provide validation
of exploratory soil wetness and temperature products. SSM/I data are freely available to users
through http://www.saa.noaa.gov/. As in past experiments, the data will be subset and repackaged
for this experiment.

Table 3. SSM/I Characteristics
Frequenc . Spatial Swath
(Cq}Hz) Y Polarization | p o km) | (km)
19.4 Hand V 69 x 43 1200
22.2 \Y 60 x 40 1200
37.0 Hand V 37 x 28 1200
85.5 H and V 15x 13 1200

2.4  Coriolis WindSat

WindSat is a multi-frequency polarimetric microwave radiometer developed by the U.S. Navy
and the National Polar-orbiting Operational Environmental Satellite System (NPOESS)
Integrated Program Office (IPO) (http://www.pxi.com/windsat). It is one of the two primary
instruments on the DoD Space Test Program's Coriolis Mission. The Coriolis satellite was
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successfully launched on January 6, 2003, with an expected life cycle of three years. The
WindSat data may be available for SMEXO03 on all sites spanning from June 24, 2003 to
September 26, 3003, or possibly just the part of the experiment on the site of Brazil in the later
date of September 2003 if there are delays in calibration.

The WindSat radiometer operates at nominal frequencies of 6.8, 10.7, 18.7, 23.8, and 37 GHz.
Using a conically-scanned 1.83 m offset parabolic reflector with multiple feeds, the WindSat
covers a 1025 km active swath (based on an altitude of 830 km) and provides two looks at both
fore (1025 km) and aft (350 km) views of the swath. The nominal earth incidence angle (EIA) is
in the range of 50 — 55 degrees. The inclination of the WindSat orbit is 98.7 degrees. It has a sun
synchronous polar orbit with an ascending node at 6:00 PM and a descending node at 6:00 AM.
The WindSat has similar frequencies to the Advanced Microwave Scanning Radiometers on the
Earth Observing System (AMSR-E), with the addition of full polarization for 10.7, 18.7 and 37.0
GHz and the lack of 89.0 GHz. The characteristics of the WindSat radiometer are listed in Table 4.
The methods developed for algorithm development and validations for AMSR-E during SMEX03
may be applied to WindSat with minimal modifications.

Table 4. Characteristics of WindSat.
Frequency L Incidence Footprint Fore/Aft Swath
(GHz) Polarization Angle (Km) (Km)
(Deg.)
6.8 V,H 53.5 40 x 60 1025/350
10.7 V,H, U4 49.9 25 x 38 1025/350
18.7 V,H, U, 4 553 16 x 27 1025/350
23.8 V H 53.0 12 x 20 1025/350
37.0 V,H, U4 53.0 8x 13 1025/350

2.5 Envisat Advanced Synthetic Aperture Radar (ASAR)

The Envisat satellite was launched by the European Space Agency in March 2002
(http://envisat.esa.int/). It is designed to provide Earth observations using a suite of remote sensing
instruments. Of particular interest to soil moisture and hydrology is the inclusion of the Advanced
Synthetic Aperture Radar (ASAR) that will provide both continuity to the ERS-1 and ERS-2
mission SARs and next generation capabilities. Envisat also has a visible and near infrared imaging
system called MERIS that is of interest in SMEXO03. Envisat has a sun synchronous polar orbit.
Local overpass times in Oklahoma are close to those of the Aqua satellite (descending in early
afternoon). The exact repeat cycle for a specific scene and sensor configuration is 35 days. Unlike
the ERS satellites that had a fixed angle of incidence (23°) ASAR has a wider range of choices that
can provide more frequent coverage and a variety of incidence angles.

The ASAR is a C band instrument with a wide variety of observing modes. It is the alternating
polarization (AP) mode that is of greatest interest to soil moisture. In this mode two polarization
combinations can be obtained (VV and HH, HH and HV, or VV and VH). It is anticipated that this
additional information will enhance soil moisture retrieval. Swath width is nominally 100 km and
the product pixel size is 30 m.
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In contrast to the ERS SARs, which had a fixed swath position (23° mid-swath incidence angle),
ASAR Image Mode will provide data acquisition in the seven different swath positions listed in
Table 5, giving incidence angles ranging from 15° to 45°. IS1 is closest to the track of the
satellite and IS7 is furthest away. When acquired simultaneously, each IS is viewing a different
area across track. In order to get all IS positions for the same ground location a series of days is
required.

Table 5. Specifications for ASAR Image Mode Swaths.
Image Swath Swag:n?)/ldth Grounrii;(]lg)ifs(llgg;l from Incidence Angle Range
IS1 105 187 -292 15.0-22.9
1S2 105 242 - 347 19.2 -26.7
1S3 82 337-419 26.0-314
1S4 88 412 - 500 31.0-36.3
IS5 64 490 - 555 35.8-394
IS6 70 550 - 620 39.1-42.8
IS7 56 615 -671 42.5-452

There are a limited number of data products available in dual polarization mode. Those of interest
include:

« Alternating Polarization Mode Precision Image (APP)

« Alternating Polarization Ellipsoid Geocoded Image (APG)
Each will be a nominal 100 x 100 km scene with a pixel spacing of 12.5 x 12.5 m and a pixel
size of 30 x 30 m. The APG is resampled to a North orientation and georectified.

In general the VV-VH combination is preferred for soil moisture. IS2 provides continuity of the
ERS observations. IS1-IS3 may be better for minimizing roughness effects while 1S4-IS6 may
provide more vegetation information.

Data takes must be scheduled and are limited to approved investigations. Coverage of all U.S. sites
concurrent with ground data collection will be requested. A more comprehensive data set will be
acquired over the Little Washita Watershed. Data set selection is currently being reviewed. Table 6
shows requestedl coverage during the primary ground sampling for U.S. sites during SMEX03.

The MEdium Resolution Imaging Specrometer Instrument (MERIS) is a 68.5° field-of-view
pushbroom imaging spectrometer that measures the solar radiation reflected by the Earth, at a
ground spatial resolution of 300 m, in 15 spectral bands (Table 7), programmable in width and
position, in the visible and near infra-red. The instrument has a very wide swath, which results in
frequent coverage. MERIS allows global coverage of the Earth in 3 days. MERIS data cannot be
obtained at the same time as ASAR image products. MERIS data have been requested for
daytime passes on June 29, July 2, 5, 8, 12, 15,18, 21, and 24 at a nominal time of 11:00 am
CDT.
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Table 6. Dates of Requested ASAR Coverage During SMEX03

Site/Study Polarizations Dl(?sicezniiangg ((r?l;(giggy) Inl({lile;ce Track | Frame | Date

VV-VH A IS2 2019 | 693 | 326

Little Washi VV-VH A IS2 2019 | 693 | 430

ﬁ)ﬁg T?:mfa VV-VH A IS2 2019 | 693 | 604

oo VV-VH A IS2 2019 | 693 [ 709
Soil Moisture

Network VV-VH A IS2 2019 | 693 | 813

VV-VH A IS2 2019 | 693 | 917

VV-VH A IS2 2019 | 693 [1022

VV-VH D IS1 1112 | 2907 | 715

VV-VH A IS1 1019 | 693 [ 709

VV-VH D 1S3 3069 | 2907 | 712

OK-SMEXO03 VV-VH A 1S3 3062 | 693 | 712

VV-VH D 1S4 4026 | 2907 [ 709

VV-VH A IS5 5105 | 693 | 715

VV-VH D IS6 6484 | 2907 | 706

VV-VH D IS2 2369 | 2979 | 628

VV-VH A IS2 2362 | 621 | 628

GA-SMEX03 VV-VH A 1S3 3405 | 621 | 701

VV-VH D 1S4 4326 | 2979 | 625

VV-VH A IS1 1405 | 693 | 701

VV-VH A IS2 2405 | 693 | 701

AL-SMEX03 VV-VH D 1S4 4412 | 2907 | 701

VV-VH D IS5 5412 | 2907 | 701

Table 7. MERIS Bands

Band. | Band Center nm)
1 412.5
2 442.5
3 490
4 510
5 560
6 620
7 665
8 681.25
9 705
10 753.75
11 760
12 775
13 865
14 890
15 900
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2.6  Terra Sensors

The NASA Terra spacecraft (http://terra.nasa.gov/About/) includes several instruments of value to
the soil moisture investigations proposed here. Of particular interest are the Moderate-resolution
Imaging Spectroradiometer (MODIS) and Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER).

MODIS can view the entire surface of the Earth every 1-2 days. MODIS is a whisk broom scanning
imaging radiometer consisting of across-track scan mirror, collecting optics, and a set of linear
arrays with spectral interference filters located in four focal planes. MODIS has a viewing swath
width of 2330 km (the field of view sweeps = 55° cross-track) and will provide high-radiometric
resolution images of daylight-reflected solar radiation and day/night thermal emissions over all
regions of the globe. Its spatial resolution ranges from 250 m to 1 km at nadir, and the broad
spectral coverage of the instrument (0.4 - 14.4 um) is divided into 36 bands of various bandwidths
optimized for imaging specific surface and atmospheric features. The observational requirements
also lead to a need for very high radiometric sensitivity, precise spectral band and geometric
registration, and high calibration accuracy and precision. Coverage time is about 16:15 UTC.
MODIS data for SMEXO03 regions of interest will be acquired by CODIAC.

ASTER coverage will be requested for the Oklahoma region for several dates during the planned
study period (minimum of July 2 and 18).

2.7  Landsat Thematic Mapper

The Landsat Thematic Mapper (TM) satellites collect data in the visible and infrared regions of the
electromagnetic spectrum. Data are high resolution (30 m) and are very valuable in land cover and
vegetation parameter mapping. Band 8 (panchromatic) for Landsat 7 has a 10 m resolution.
Additional  details on the Landsat program and data can be found at
http://geo.arc.nasa.gov/sge/landsat/landsat.html. The Landsat paths and row reference numbers for
the SMEXO03 study regions are listed in Table 8. The projected dates of coverage for each site are
listed in Table 9.

Table 8. SMEX03 Landsat TM Path and Row Numbers
Region Path/Row
OK South (OS) -Little Washita (LW) Oklahoma 28/36
OK North (ON) Oklahoma 28/35
Little River (GA) Georgia 18/38
Huntsville (AL) Alabama 20/36 and 21/36
Cerrado Region (BZ) Brazil 220/68 and 220/69
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Table 9. SMEX03 Landsat TM Days of Observation

BZ
(2(;/83'213\16) GA (18/38) AL (220/68)
(20/36) | (21/36) | (20/36) | (21/36)
™ 7 ™™ 5 ™ 7 ™ 5 ™ 7 ™5 ™ 7
April 13 | April 21 | April 23 | April 15 | April2 | April 12 | April 13 | April 20 | Sept. 5
April29 | May 7 May 9 May 1 | April 21 | April 28 | April29 | May 6 | Sept. 21
May 15 | May23 | May25 | May 17 | May7 | May 14 | May 15 | May 22 Oct. 7
May 31 | June8 | June 10 | June2 | May23 | May 30 | May 31 June 7
June 16 | June 24 | June26 | June /8§ | June8 | June 15 | June 16 | June 23
July2 | July 10 | July 12 July4 | June24 | Julyl July 2 July 9
July 18 | July 26 | July28 | July20 | July 10 | July 17 | July 18 | July 25
2.8 Advanced Very High Resolution Radiometer (AVHRR)

This is a TIROS-N series satellite designed to operate in a near-polar, sun-synchronous orbit.
During SMEXO3 it is anticipated that 2 satellites may be providing AVHRR data Currently these
NOAA 15 (morning coverage) and NOAA 16 (afternoon coverage). The AVHRR sensor collects
data in the visible and infrared regions of the electromagnetic spectrum and has a spatial resolution
of approximately 1 km. Additional information on these data can be found at
http://www.saa.noaa.gov/.

Data can be acquired in three formats from the satellite. High Resolution Picture Transmission
(HRPT) data are full resolution image data transmitted to a ground station, as they are collected.
The average instantaneous field-of-view of 1.4 milliradians yields a HRPT ground resolution of
approximately 1.1 km at the satellite nadir from the nominal orbit altitude of 833 km (517 mi).
Local Area Coverage (LAC) is full resolution data that are recorded on an onboard tape recorder
for subsequent transmission during a station overpass. Resolution is the same as HRPT. Global
Area Coverage (GAC) data are derived from a sample averaging of the full resolution AVHRR
data. Four out of every five samples along the scan line are used to compute one average value and
the data from only every third scan line are processed, which results in a 1.1 km by 4 km
resolution. AVHRR data for SMEXO03 regions of interest will be acquired by CODIAC.

2.9 Geostationary Operational Environmental Satellites (GOES)

GOES satellites provide continuous monitoring in selected visible and infrared electromagnetic
channels. Coverage of Iowa is currently provided by GOES-8. Of particular interest to this project is
the imager. This is a multichannel instrument (0.65, 3.9, 6.7, 11, and 12 micrometers) that senses
radiant energy and reflected solar energy from the Earth's surface and atmosphere. The resolution is
1 km for the visible and 4 km for the infrared channels. Additional information can be found at
http://www.saa.noaa.gov/. GOES data for SMEXO03 regions of interest will be acquired by
CODIAC.
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2.10 SeaWinds QuikSCAT

SeaWinds is a radar scatterometer on QuikSCAT. It was launched in 1999 and was designed to
measure near-surface wind speed over the Earth's oceans. A second instrument was launched on
ADEOS-2 in December of 2002, and is expected to be operational by mid-2003. SeaWinds uses a
rotating dish antenna with two spot beams that sweep in a circular pattern. The antenna spins at a
rate of 18 rpm, scanning two pencil-beam footprint paths at incidence angles of 46° (H-pol) and
54° (V-pol). The antenna radiates microwave pulses at a frequency of 13.4 GHz across broad
regions on Earth's surface with an 1800 km swath. QuikSCAT sampling at the latitude of Iowa is
approximately two times daily; and ADEOS-2 is anticipated to have similar coverage.

QuikSCAT is in a sun-synchronous, 803-kilometer, circular orbit with a local equator crossing time
at the ascending node of 6:00 A.M. +/- 30 minutes. The SeaWinds antenna footprint is an ellipse
approximately 25-km in azimuth by 37-km in the look (or range) direction. There is
considerably overlap of these footprints, with approximately 8-20 of these ellipses with centers
in a 25x25 km box on the surface. Signal processing provides commandable variable range
resolution of approximately 2- to 10-km. The nominal resolution is approximately 6 km—an
effective range gate of 0.5 msec. Additional information is available at
http://podaac.jpl.nasa.gov/quikscat/qscat_doc.html.

Gridded (0.2x0.2 degree) daily observations are available through BYU. Documentation is available
at http://podaac.jpl.nasa.gov:2031/DATASET DOCS/dLongSigBrw.html, and data orders can be
placed through linked pages. Non-binned data are available, on tapes and through FTP, from the
PO.DAAC (http://podaac.jpl.nasa.gov/quikscat/gscat_data.html). For the ADEOS-II sensor NOAA
will process data the data and then forward them to meteorological agencies around the world and to
the general public. In addition, data will be processed by the SeaWinds Project at JPL and then sent
to NASA's Physical Oceanography Distributed Active Archive Center for archiving and
distribution. JPL will present the science data on a web page at http://winds.jpl.nasa.gov..
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3  AIRCRAFT REMOTE SENSING INSTRUMENTS
3.1 Polarimetric Scanning Radiometer (PSR)

The PSR is an airborne microwave imaging radiometer operated by the NOAA Environmental
Technology Laboratory (Piepmeier and Gasiewski 2001) for the purpose of obtaining polarimetric
microwave emission. It has been successfully used in several major experiments including SGP99
and SMEXO02 (Jackson et al. 2002).

A typical PSR aircraft installation is comprised of four primary components: 1) scanhead, 2)
positioner, 3) data acquisition system, and 4) software for instrument control and operation. The
scanhead houses the PSR radiometers, antennas, video and IR sensors, A/D sampling system,
and associated supporting electronics. The scanhead can be rotated in azimuth and elevation to
any arbitrary angle. It can be programmed to scan in one of several modes, including conical,
cross-track, along-track, and spotlight. The positioner supports the scanhead and provides
mechanical actuation, including views of ambient and hot calibration targets. The PSR data
acquisition system consists of a network of four computers that record several asynchronously-
sampled data streams, including navigation data, aircraft attitude, scanhead position, radiometric
voltage, and calibration target temperatures. These streams are available in-flight for quick-look
processing.

During SMEXO03, the PSR/CX scanhead will be integrated onto the NASA WFF P-3B aircraft in
the aft portion of the bomb bay. The PSR/CX scanhead is an upgraded version of the previously
successful PSR/C scanhead used during SGP99 and was used in SMEXO02 (Figure 3 and Table
10). The installation will utilize the NOAA P-3 bomb bay fairing, and will locate the PSR
immediately aft of the NASA GSFC 2DSTAR L-band radiometer.

The PSR/CX scanhead will have the polarimetric channels listed in Table 10 for SMEX03. The
system will be operated in two imaging modes, both using conical scanning. Mapping
characteristics are described in Table 11. Figure 4 shows the results of one day of mapping
brightness temperature using the PSR in SGP99.

At the end of a each set of flight lines a steep (~60 degree) port roll will be requested for the
purpose of calibrating the PSR radiometers using cold sky looks. Additional details on the PSR
not presented here can be found at http://www 1 .etl.noaa.gov/radiom/psr/.
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Figure 3. PSR/C scanhead installed on the NASA P3-B aircraft during the SGP99 experiment.

Table 10. PSR/CX Channels for SMEXO03
Frequency (GHz) Polarizations Beamwidth
5.82-6.15 V,h 100
6.32-6.65 V,h 100
6.75-7.10 * v,h,U,V 100
7.15-7.50 V.h 100
10.6-10.8 * v,h,U,V 70
10.68-10.70 * V.h 70
9.6-11.5um IR V+h 70
* Indicates close to an AMSR-E channel.
Table 11. PSR Flightline and Mapping Specifications for SMEX03
Wide Area Imaging High-Resolution
Imaging
Location Regional Watershed
Altitude (AGL) in m 7300 1800
Number of parallel flight lines 4 4
Flight line length (km) 150 50
Flight line spacing (km) 19 4.75
Scan period (seconds) 8 3
Incidence angle (deg) 55 55
. . 3.0 km at 6 GHz 750 m at 6 GHz
3-dB footprint resolution 2.0 km at 10 GHz 500 m at 10 GHz,
Sampling Overszi\rlr;;()ll lllrllsgt above Nyquist
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NOAA PSR/C 7.32GHz H B SGP99 Imagery - NASA P-3B Line #1
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Figure 4. SGP99 PSR/C conically-scanned brightness temperature imagery 7.325 GHz channel, H-
polarization, North looking.

3.2 Two Dimensional Synthetic Aperture Radiometer (2DSTAR)

Aperture synthesis is an interferometric technique that has the potential to break through the
barrier on resolution set by antenna size on future passive microwave instruments in space. The
technique has been applied successfully to earth remote sensing using synthesis in one dimension
(the L-band radiometer, ESTAR) (Le Vine et al. 1990 and 1994). New research is being
conducted at the Goddard Space Flight Center and University of Massachusetts to go the next
step and demonstrate the potential of aperture synthesis in both dimensions for meeting future
remote sensing goals. An aircraft prototype instrument operating at L-band is being built by this
team with ProSensing Inc. This prototype uses digital correlation and employs a configurable
antenna that can be arranged into several thinned array configurations.

2DSTAR consists of three major subsystems, the antenna array, the RF receiver and the digital
processor. The antenna array consists of a rectangular array of dual polarized, patch antennas
tuned to L-band (1.413 GHz). In the 2DSTAR instrument, the digital processor averages for a
minimum time (on the order of 0.1 second, but adjustable) and then hands the products over to
the data system, which stores them and does further averaging as desired. Figure 5 shows the
detail of the antenna array. A fully populated, rectangular array of patches is being built.
However, only some of the patches will be connected to a receiver. For example, the instrument
could operate as a thinned array in the shape of a cross, “+”, as shown in Figure 5. A fully
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populated array is being built so that different configurations can be tried and to minimize effects
of mutual coupling by providing a common environment for each patch.

The 2DSTAR instrument has been designed to operate from an aircraft (the NASA P-3) in a
nadir looking orientation as shown in Figure 6. Using aperture synthesis, one obtains a map of
the entire field-of-view of each individual antenna in each integration cycle. This allows for a
number of processing options. For example, it allows one to arrange the pixels in the equivalent
of a conical scan as illustrated in Figure 6 or to use the multiple looks that one obtains with each
pixel as it moves through the field-of-view to reduce noise by averaging or to retrieve additional
data. In the later case, because a given pixel is viewed at different incidence angles as it moves
through the field of view, it may be possible to retrieve parameters such as attenuation in the
canopy in the case of a soil covered with a layer of vegetation.
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Figure 5. Antenna patch array shown configured for measuring using a cross “+” configuration.

Figure 6. A thinned array in a nadir-pointing mode illustrating the potential for conical scanning.
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3.3 Global Positioning System (GPS) Bistatic Radar

Use of Global Positioning System (GPS) signals reflecting off of land and ocean surfaces is
under research as a new, potentially inexpensive remote sensing tool [Armatys et al., 2000,
Masters et al., 2000, 2001]. The GPS Bistatic Radar instrument measures L-band GPS satellite
signals reflecting from the land surface to estimate soil moisture. Simultaneous measurement of
both direct and surface-reflected GPS signals constitutes a bistatic radar system, with
transmitters located at GPS satellites and a separate receiver located on an aircraft platform.
Land surface bistatic radar cross sections are estimated using relative measurements of the
reflected signal power and measurements of the direct, line-of-sight signal power. Surface soil
moisture can subsequently be inferred from the bistatic cross section estimates along with
information on the surface roughness characteristics and soil properties. A general illustration of
how this is used for remote sensing is shown in Figure 7.
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Figure 8. Bistatic radar configuration of reflected GPS signals.
GPS Bistatic Radar Concept

The GPS satellite constellation currently broadcasts a civilian-use carrier signal at 1.57542 GHz,
which is bi-phase modulated by satellite-specific pseudorandom noise codes. The signals are
encoded with timing and navigation information so that the receiver can calculate the positions
of the transmitting satellites and solve for its own position and time by measurement of
pseudoranges from at least four satellites. These direct signals are normally received by a low-
gain, hemispherical, zenith antenna. These same GPS signal transmissions also reflect off of the
Earth's surface and can be measured with a nadir-viewing antenna at longer delays than the direct
signal. The reflected signal is modified by the roughness and dielectric properties of the

24



scattering surface. If the roughness is known a priori or is assumed constant over time, the ratio
of reflected signal power to the direct signal power is an indicator of the dielectric constant of the
surface. Therefore, this ratio can be used to temporally sense changes in soil moisture in the top
5 cm of the surface. Additionally, the polarization of the RCP direct signal is predominantly
LCP upon surface reflection for most incidence angles. Because the geometry is variable
depending upon the slowly changing transmitter and receiver positions, a hemispherical nadir
antenna is used.

The received signals are cross-correlated with a replica signal (1 ms code length) to produce a
narrower, approximate 1 us correlation pulse. This procedure is similar in design to pulse
compression radar receivers. Previous efforts have been focused on the distribution or spreading
of the reflected signal power over time delay, which is an indicator of the roughness of the
reflecting surface. For soil moisture sensing, the observable is the ratio of the magnitudes of the
reflected and direct signal powers.

In bistatic radar systems, scattering is mainly forward, and the radar cross section is expressed as
a normalized bistatic cross section. For the specific case of an aircraft receiving direct and land-
reflected GPS signals, we use an analytical scattering model [Zavorotny and Voronovich, 2000].
The model is based upon physical optics and will employ a rough surface estimated from the
SMEXO03 terrain.

GPS Bistatic Radar Concept

The GPS satellite constellation currently broadcasts a civilian-use carrier signal at 1.57542 GHz,
which is bi-phase modulated by satellite-specific pseudorandom noise codes. The signals are
encoded with timing and navigation information so that the receiver can calculate the positions
of the transmitting satellites and solve for its own position and time by measurement of
pseudoranges from at least four satellites. These direct signals are normally received by a low-
gain, hemispherical, zenith antenna. These same GPS signal transmissions also reflect off of the
Earth's surface and can be measured with a nadir-viewing antenna at longer delays than the direct
signal. The reflected signal is modified by the roughness and dielectric properties of the
scattering surface. If the roughness is known a priori or is assumed constant over time, the ratio
of reflected signal power to the direct signal power is an indicator of the dielectric constant of the
surface. Therefore, this ratio can be used to temporally sense changes in soil moisture in the top
5 cm of the surface. Additionally, the polarization of the RCP direct signal is predominantly
LCP upon surface reflection for most incidence angles. Because the geometry is variable
depending upon the slowly changing transmitter and receiver positions, a hemispherical nadir
antenna is used.

The received signals are cross-correlated with a replica signal (1 ms code length) to produce a
narrower, approximate 1 us correlation pulse. This procedure is similar in design to pulse
compression radar receivers. Previous efforts have been focused on the distribution or spreading
of the reflected signal power over time delay, which is an indicator of the roughness of the
reflecting surface. For soil moisture sensing, the observable is the ratio of the magnitudes of the
reflected and direct signal powers.
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In bistatic radar systems, scattering is mainly forward, and the radar cross section is expressed as
a normalized bistatic cross section. For the specific case of an aircraft receiving direct and land-
reflected GPS signals, we use an analytical scattering model [Zavorotny and Voronovich, 2000].
The model is based upon physical optics and will employ a rough surface estimated from the
SMEXO03 terrain.

Delay Mapping Receiver

The current GPS Bistatic Radar receiver is based upon a modified Plessey 12-channel C/A code
receiver built by NASA Langley Research Center. New receivers, such as the APL sampling
receiver, are currently being developed for GPS bistatic radar applications, and their use in
SMEXO03 is possible. The Plessey receiver is comprised of a single board containing two RF
front-ends and a correlator, which is connected to a PC/104 computer in a small, lightweight
chassis (20x15x15 cm). The RF front-ends perform automatic gain control, down conversion,
and IF sampling. The PC/104 computer serves as the controller and data logger for both GPS
navigation functions and recording the reflected and direct signal powers.

In the Delay Mapping Receiver (DMR) mode of operation, five channels track direct signals in a
conventional, closed-loop fashion. The pseudorange and Doppler measurements made by these
channels are used to form navigation solutions. The other 14 correlators (two for each of seven
channels) are controlled in an open-loop mode to measure reflected signal power at specific
delays relative to one or more of the direct signal channels. For each of the slaved reflection
correlators, one hundred 1 ms correlator samples are averaged to produce an estimate of reflected
signal power at a rate of 10 Hz. The reflected signal power is sampled in discrete bins around
the time delay corresponding to the arrival of the signal from the specular reflection point. The
direct and reflected signal power measurements are stored on internal disk for later analysis. In
the DMR mode of operation, the bistatic radar receiver can operate for long periods without user
intervention.

In SMEXO03, the GPS Bistatic Radar will fly on the NASA P-3. The GPS Bistatic Radar
instrument is currently installed on the NASA P-3 and collecting data during the CLPX03 and
AMSRICEO3 missions. It will remain on the NASA P-3 for all of the SMEX03 campaigns. For
SMEXO03, software changes will be introduced to collect bistatic radar measurements from up to
five simultaneous satellite reflection geometries. This will provide five separate measurements
of surface bistatic cross sections at varying incidence angles. The radar footprint is nominally 20
m diameter at 1 km altitude and varies as a function of the surface roughness and aircraft
altitude.

MGRS Sampling Receiver

A sampling GPS receiver instrument will also fly on the NASA P-3. The Multiple GPS
Reflections Recording System (MGRS) was originally developed at the Johns Hopkins
University/Applied Physics Laboratory. It is based on a concept proposed to APL and supported
by S. Katzberg (NASA/LaRC). This system was successfully tested in 2002 during flights above
the Atlantic Ocean. The system records all possible in-phase and quadrature GPS signals (from
all available satellites, both direct and reflected from Earth’s surface) with a Nyquist frequency.
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These raw data are stored in removable hard disks. The data are processed after the flight using
special software in order to produce power waveforms containing information about surface
roughness and soil moisture. The MGRS instrument provides more flexibility in processing GPS
bistatic radar data than the DMR but requires post-processing using a software receiver. The two
instruments will be synergistic in understanding GPS bistatic radar applied to soil moisture
remote sensing. Simultaneous measurements of soil moisture done by both the DMR and the
MGRS will also be a very important test of the new MGRS recording system. During SMEX03,
the MGRS instrument will be taken on a loan by NOAA/ETL and installed onto the NASA WFF
P-3B aircraft. The NOAA/ETL participant V. Zavorotny will operate the MGRS during the
SMEXO03 and work with processed data in order to retrieve the soil moisture and compare it to
available airborne and surface truth measurements.

Data Analysis

The GPS-based measurements will be evaluated in conjunction with the observations made by
the NOAA PSR and NASA ESTAR instruments and the ground sampling of soil moisture. The
GPS Bistatic Radar measurement parameters are presented in Table 12. These tests will guide
future development of optimized receivers and processing algorithms to retrieve soil moisture
and surface roughness information from GPS Bistatic Radar measurements.

The University of Colorado at Boulder and NOAA/ETL will operate the GPS Bistatic Radar
instruments. For more information on GPS Bistatic Radar remote sensing, visit
http://ccar.colorado.edu/~dmr.

Table 12. GPS Bistatic Radar Parameters
Frequency 1.575 GHz
Polarization LCP
Incidence Angle 0-60 deg (predicted by satellite geometry)
Spatial Resolution Variable w/ height & angle (20 m @ 1 km alt.)
Footprints Up to 12 simultaneous footprint zones

3.4 Airborne Synthetic Aperture Radar (AIRSAR)

AIRSAR is a side-looking radar instrument developed by the Jet Propulsion Lab
http://airsar.jpl.nasa.gov/. It has several operating modes. In SMEXO03 the polarimetric
(POLSAR) will be used. In POLSAR mode, fully polarimetric data are acquired at all three
frequencies C-, L-, and P-band. Fully polarimetric means that radar waves are alternatively
transmitted in horizontal (H) and vertical (V) polarization, while every pulse is received in both
H and V polarizations. Therefore, there are four combinations; HH, VV, HV and VH. Basic
parameters of the AIRSAR are listed in Table 13. It is anticipated that the 20 MHz bandwidth
data will be requested. Data will be collected only in Oklahoma.

27



Table 13. AIRSAR Parameters

Channel C L P
Frequency GHz 5.29875 1.2375  10.4275
Pixel Spacing 20 MHz Bandwidth (m) 10x 10

Swath Width 20 MHz Bandwidth m 15
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4 GENERAL EXPERIMENT DESIGN
4.1 Regional Soil Moisture Ground Sampling

Ground based soil moisture measurements will be made for a variety of investigations. How these
will be integrated for each of the study regions will vary but should be based upon the general
model shown in Figure 8. The three primary objectives are:

e Provide footprint scale (~ 50 km) average surface volumetric soil moisture for the development
and validation of satellite microwave remote sensing soil moisture retrieval algorithms at a
range of frequencies. This is called Regional sampling.

e Provide calibrated continuous soil moisture for water balance investigations. This is called
Tower sampling.

e Provide field (~800 m) average surface volumetric soil moisture for the development and
validation of microwave remote sensing soil moisture retrieval algorithms at a range of
frequencies primarily from aircraft platforms. This is called Field sampling.

The goal of Regional soil moisture sampling is to provide a reliable estimate of the VSM mean and
variance within a single satellite passive microwave footprint (~50 km) and multiple EASE-grid 25
km cells at the nominal time of the Aqua or ADEOS-II AMSR overpass (1330 or 1030 local
standard time). The exact center location and orientation of the satellite footprint will vary with each
overpass. A grid of sites will be sampled each day that covers a domain of approximately 50 km by
100. The exact size and layout will vary at each of the five Regional study areas. Spacing will be
nominally 8-10 km between sites. The layout should attempt to provide a minimum of six sites
within each 25 km square EASE-grid cell. A single location within each of these sites will be
sampled. As noted, these measurements are used primarily to support the AMSR based microwave
investigations; therefore, the Regional sampling will be conducted within one to two hour time
window of the satellite overpass.

The primary measurement made will be the 0-6 cm dielectric constant at a single location in each
site using the Theta Probes (TP). Dielectric constant is converted to volumetric soil moisture using
a calibration equation. There are built in calibration equations, however, we will develop field and
site specific relationships using supplemental either volumetric soil moisture or gravimetric soil
moisture and bulk density sampling. Each sampling day, a coring tool will be used to extract a
single VSM sample of the 0-3 cm and 3-6 cm soil layers. The composite set of VSM samples and
TP dielectric constants will be used to calibrate the TP for each site. Figure 9 illustrates how
regional sampling was performed in SMEXO02.

An integral part of the Regional sampling will be the existing continuous soil moisture sampling
sites (Towers). Each of these will be sampled to contribute to the calibration of the insitu sensors.

Do not enter any field that you do not have permission to enter. Do not assume that you can use a
field without permission. Requests for installations and unplanned sampling made during the
experiment will not be easy to satisfy. Tracking down a landowner and getting permission can
take up to a half-day of time by our most valuable people. These people will be extremely busy
during the experiment.
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Figure 8. The general approach used in SMEXO03 soil moisture sampling.
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Figure 9. Regional soil moisture sampling in SMEX02.
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4.2  Field Soil Moisture Ground Sampling

The goal of soil moisture sampling in the Field sites is to provide a reliable estimate of the mean and
variance of the surface volumetric soil moisture for fields that are approximately 800 m by 800 m.
These measurements are used primarily to support the aircraft based microwave investigations.

The primary measurement made will be the 0-6 cm dielectric constant (voltage) at fourteen
locations in each field using the Theta Probe (TP). Dielectric constant is converted to volumetric
soil moisture using a calibration equation. There are built in calibration equations, however, we will
develop field specific relationships using supplemental volumetric soil moisture and bulk density
sampling. At four specified locations within each site the volumetric soil moisture (GSM) will be
sampled on each day of sampling. A coring tool will be used to extract a single VSM sample of the
0-3 cm and 3-6 cm soil layers. The composite set of VSM samples and TP dielectric constants will
be used to calibrate the TP for each site. It is anticipated that individual investigators may conduct
more detailed supplemental studies in specific sites.

TPs consist of a waterproof housing which contains the electronics, and, attached to it at one end,
four sharpened stainless steel rods that are inserted into the soil. The probe generates a 100 MHz
sinusoidal signal, which is applied to a specially designed internal transmission line that extends
into the soil by means of the array of four rods. The impedance of this array varies with the
impedance of the soil, which has two components - the apparent dielectric constant and the ionic
conductivity. Because the dielectric of water (~81) is higher than soil (typically 3 to 5) and air
(1), the dielectric constant of soil is determined primarily by its water content. The output signal
is 0 tolV DC for a range of soil dielectric constant, €, between 1 and 32, which corresponds to
approximately 0.5 m® m~ volumetric soil moisture content for mineral soils. More details on the
probe are provided in the sampling protocol section of the plan.

4.3  Soil and Surface Temperature

The objectives of the soil and surface temperature are nearly identical to those of soil moisture.
However, there are a few differences related to the spatial and temporal variability of temperature
versus soil moisture. Typically the soil temperature exhibits lower spatial variability, especially as
depth increases. On the other hand surface temperature can change rapidly with varying radiation
associated with clouds. In addition, it can be difficult to correctly characterize surface temperature at
satellite footprint scales (30 m — 1 km) using high resolution ground instruments. This is especially
true when there is partial canopy cover.

The surface temperature will be sampled using handheld infrared thermometers (IRT) only at all
locations with insitu thermal infrared sensors. The primary purpose of this sampling is to provide
verification of the insitu measurements. Some investigators may collect surface temperature for
specific investigations.

The soil temperatures will be obtained using a temperature probe inserted to depths of 1 cm, 5 cm,
and 10 cm depths. Regional temperature sampling will be conducted at the specific single location
selected for sampling in the site. Field temperature sampling will be conducted at the four locations
selected for gravimetric sampling.
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4.4 Vegetation, Land Cover and Surface Roughness

Vegetation biomass and soil moisture sampling will be performed on a selected number of
representative sites within each Region. The measurements that will be made are:

o Plant height

e Ground cover

o Stand density

e Phenology

e Leafarea (LAI)

e Green and dry biomass

e Surface roughness

o Surface reflectance (Oklahoma South Only)

Non-destructive sampling of LAI using LiCor LAI-2000 instruments will be conducted. The
diversity of vegetation types among the locations will require slightly different approaches.
Surface roughness measurements will be made in conjunction with vegetation sampling. Surface
reflectance measurements will be made at as many sites as possible using CROPSCAN
instruments.

Land cover will be mapped using satellite imagery. To support this activity a number of sites will
be surveyed in each region for algorithm training. We will rely upon Landsat imagery for this
effort.

4.5 Soil Climate Analysis Network (SCAN)

The USDA NRCS has initiated nationwide soil moisture and soil temperature (SMST) analysis
network called SCAN. Details and data can be obtained at the following web site
http://www.wce.nres.usda.gov/smst/smst.html. Hourly observations are provided to the public on
the Internet in real time. Each system provides hourly observations of:

Air temperature

Barometric pressure

Wind speed

Precipitation

Relative humidity

Solar radiation

Soil temperature at 5, 10, 20, 50 and 100 cm
Soil moisture at 5, 10, 20, 50 and 100 cm

SCAN sites are located in the OS and GA and several are distributed over AL. These sites are
summarized in Table 14.
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Table 14. SCAN Sites in the SMEXO03 Regions
. . Longitude Elevation
Site ID | Name Latitude (Deg.) (Deg.) (m)
2022 El Reno, OK 35.550 -98.017 427
2023 Little Washita, OK 34.950 -97.983 358
2027 Little River, GA 31.500 -83.550 107
2053 WTARS, AL 34.900 -86.533 191
2054 Hytop, AL 34.867 -86.100 544
2055 Hodges, AL 34.450 -86.150 194
2056 Stanley Farm, AL 34.433 -86.683 194
2057 AAMU, AL 34.783 -86.550 262
2058 Hartselle USDA, AL 34.433 -87.000 193
2059 Newby Farm, AL 34.850 -86.883 193

4.6  Aircraft Operations and Flightlines

The PSR, 2DSTAR and GPS instruments will be installed on the NASA WFC P3-B aircraft.
AIRSAR will fly on the NASA DC-8. An aircraft briefing will be conducted each day. As in
previous missions, the goals of the experiment design are to collect data for both algorithm
development/verification and soil moisture mapping. The extent and scale of the mapping must
satisfy the range of objectives of the land-atmosphere and AMSR components of SMEX03. The
following section describes the general aspects of the flight missions.

The P-3B operates from the NASA Wallops Flight Facility in Wallops Island, VA. Details on the
aircraft can be found at http://www.wiff.nasa.gov/. It will have the PSR, 2DSTAR, and GPS sensor
systems on boardl. The primary mission of the P3-B is to collect both low and high altitude data
over the study regions with the PSR instrument. High altitude lines are more important than the low
altitude lines. Another very important objective is to collect data with the 2DSTAR over the
regions. Mission design and operations are dependent on the PSR and not the 2DSTAR.

Flights will be conducted during the day in order to match either the nominal Aqua overpass time of
1330 or ADEOS-II at 10:30 am. Each flight will be approximately 4 hours in duration. Since there
are multiple deployment sites (GA/AL, OK, and BZ) the details will be presented in each regional
section of the plan. Table 15 summarizes the key features.

Table 15. Summary of Aircraft Mission Features.
Region Dates Aircraft Base Dlstan(gl:(en;[)o Start No. Lines
GA June 23-July 2 Huntsville Int. 460 5
AL June 23-July 2 Airport (HSV) 0 5
oS July 2-July 18 Will Rodgers 100 9
ON July 2-July 18 (OKC) 100 4
BZ Sept. 16-Sept. 26 Brasilia 400 5
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The AIRSAR instrument will be flown on NASA's Douglas DC-8. This is a four jet engine
aircraft  operated out of  the Dryden  Flight Center in California
http://www.dfrc.nasa.gov/airsci/dc-8/dc8page.html. AIRSAR flights for SMEX03 will be flown
at an altitude of 8 km.

The primary mission of the DC-8 is to collect AIRSAR data close in time with passive
microwave measurements made by instruments on the P-3B aircraft. The objectives of
including AIRSAR in SMEXO03 are:

e Collect AIRSAR and passive microwave observations (2DSTAR and PSR) at different
spatial resolutions that will allow the validation of passive and active data fusion concepts.

e Collect AIRSAR observations concurrent with high quality ground observations over a
range of soil moisture and vegetation conditions that will allow the extension and validation
of the current radar soil moisture algorithms to vegetated surfaces with higher biomass
levels.

e Obtain AIRSAR observations concurrent with Envisat ASAR measurements to evaluate the
quality and value of these sensors in soil moisture applications
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S OKLAHOMA STUDY REGION AND EXPERIMENT DESIGN

Two different regional areas will be sampled in Oklahoma, an area incorporating the Little
Washita (LW) in the South (OS) and an area dominated by winter wheat in the North (ON). Each
mission will include both regions and the watershed. The aircraft base of operations will be
Oklahoma City (Will Rogers Airport). Field operations will be based out of Chickasha (OS) and
Stillwater (ON).

5.1 Regional Description

The region in Oklahoma selected for investigation is exceptionally well instrumented for surface
soil moisture, hydrology and meteorology research. USDA ARS, the Oklahoma Mesonet, and
the DOE operate observing networks.

The overall character of the Oklahoma region is reflected in the false color composite image
created from a Landsat TM data set collected on July 25, 1997 and is shown in Figure 10. This
image is a combination of bands 2, 3, and 4 as the blue, green, and red channels. Red areas in
the image indicate vegetation. Whites and blues indicated bare soil and dormant or senescent
vegetation. As in past experiments in this region, all winter wheat is expected to be senescent
and likely harvested. Two Regional study sites will be sampled; OS in the South that is
dominated by grasslands and ON in the North that is dominated by winter wheat. Figure 11
shows typical grassland and winter wheat field conditions during July.

The climate of the two Regions is classified as sub-humid with an average annual rainfall of 75
cm. The topography of the region is moderately rolling with a maximum relief less than 200 m.
Soils include a wide range of textures with large regions of both coarse and fine textures.

The Little Washita Watershed

The Little Washita Experimental Watershed (LWREW) is the focus of the OS Region. It is
located in southwest Oklahoma in the Southern Great Plains region of the United States and
covers an area of 611 sq. km. (Figure 12). The USDA ARS GRL (http://grl.ars.usda.gov)
operates meteorological and hydrological observing systems throughout the watershed
(described below).

A tributary of the Washita River in southwest Oklahoma, the LWREW is unique in that over a
period of several years it has been the target of extensive research. In 1936 the eastern portion of
the watershed was chosen as part of a national demonstration project for soil erosion control. In
the late 1930's the Civilian Conservation Corps (CCC) did extensive erosion control work, such
as terracing, drop structure building, gully plugging, and tree planting. Since establishing county
offices in the 1940's, the USDA Soil Conservation Service (SCS) has applied extensive soil and
water conservation Structures and measures, including terraces, diversions, farm ponds,
floodwater-retarding reservoirs, gully plugging and smoothing, scrub timber removal, and land
use planning.

In 1961 the USDA's Agricultural Research Service (ARS), in compliance with U.S. Senate
Document 59 (1959), began collecting hydrologic data an the Little Washita Watershed and
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other watersheds in the vicinity to determine the downstream hydrologic impacts of the SCS
floodwater-retarding reservoirs. This data collection process involved an intensive rain gauge
network and a stream gauging station near the watershed outlet that provided data on continuous
flow, suspended sediment transport, and to a limited extent, water quality. Data on groundwater
levels and channel geometry were also collected to determine possible effects of the treatment
program.

Figure 10. Landsat TM image from July 1997 showing the typical cover conditions and the general
locations of the two study regions OS and ON.
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Figure 11. Typical vegetation conditions in the OS and ON regions during July. The top photo is
an example of grazingland and the bottom photo shows the condition of a winter wheat field.

In 1978 this watershed was one of seven watersheds chosen across the Nation for the Model
Implementation Project (MIP), which was jointly sponsored and administrated by the USDA and
the U.S. Environmental Protection Agency (EPA). The main objective of the MIP was to
demonstrate the effects of intensive land conservation treatments on water quality in watersheds
that are larger than about 25 square miles.

Within the LWREW, summers are typically long, hot, and relatively dry. The average daily high
temperature for July is 34°C, and the average accumulative rainfall for July is 5.6 cm. Winters
are typically short, temperate, and dry but are usually very cold for a few weeks. The average
daily low temperature for January is —4°C, and the average accumulative precipitation for
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January is 2.7 cm. Much of the annual precipitation and most of the large floods occur in the
spring and fall.

The topography of the LWREW is moderately rolling with a maximum relief less than 200 m.
Except for a few rocky, steep hills near Cement, OK; the upland topography is gently to
moderately rolling. The flatter upland soils are those developed from the finer textured Dog
Creek Shale and Blaine Formations near the eastern end of the watershed and those developed
from the Cloud Chief Formation in the western portion of the watershed. The alluvial areas have
the flattest slopes, usually 1 percent or less. The channel system is well developed throughout the
watershed and extends practically to the drainage divide in most areas, so the watershed is well
drained except for a few alluvial areas. Drainage ways in the western third of the watershed have
eroded through the Cloud Chief Formation into the less erosion resistant, underlying Rush
Springs Sandstone. Incised channels in the Rush Springs Sandstone are up to 18 to 21 m deep.

Soils include a wide range of textures with large regions of both coarse and fine textures.
Surveys of the soils in the watershed have been made by the SCS and published (Bogard et al.
1978, Moffatt 1973, Mobley et al. 1967). In these surveys 64 different soil series were defined
for the watershed, and 162 soil phases were mapped within these soil series to reflect differences
in surface soil textures, slopes, stoniness, degree of erosion, and other characteristics that affect
land use. Generally, silt and loam textured soils occur in the western and eastern portions of the
watershed, with about the center 1/3 of the watershed in sandy textured soils.
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Figure 12. Little Washita Watershed map showing insitu instrumentation.
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Land use in the watershed is dominated by rangeland and pasture (63%) with significant areas of
winter wheat and other crops concentrated in the floodplain and western portions of the
watershed area (Allen and Naney 1964). Figure 11 shows typical grassland and winter wheat
field conditions during July. The LW area has been the focus of related remote sensing
experiments in 1992 (Jackson et al. 1995), 1994, and both the ON and OS Regions were studied
in experiments conducted in 1997 (Jackson et al. 1999, Starks and Jackson 2002) and 1999
(Jackson et al. 2002). Additional details can be found at the following web sites,

http://hydrolab.arsusda.gov/washita92/wash92.htm
http://hydrolab.arsusda.gov/washita92/wash94.htm
http://hydrolab.arsusda.gov/sgp97/
http://hydrolab.arsusda.gov/sgp99/

5.2  Insitu Soil Moisture and Meteorological Networks
LWREW Measurement Networks

The USDA Agricultural Research Service, Grazinglands Research Laboratory at El Reno, OK
operates a meteorological network within the Little Washita watershed (LWREW). There are 42
ARS Micronet stations that measure accumulated rainfall, relative humidity and air temperature
at 1.5 m, incoming solar radiation, and soil temperature at 5, 10, 15 and 30 cm below ground
surface. The meteorological data are provided in 5-minute increments and the soil temperature
data are provided in 15-minute increments. The data are telemetered by radio every 15 minutes
to a central archiving facility located at the Oklahoma Climate Survey, University of Oklahoma,
Norman, OK. There the data are quality controlled, and a data quality indicator is provided for
each data entry. Micronet data for June, July and August 2003 will be archived and linked for
direct access by SMEXO03 investigators.

In addition, the GRL operates an experimental network of Soil Heat and Water Measurement
Stations (SHAWMS). Eleven of the 14 SHAWMS (Table 16) stations are co-located with a
Micronet, one SHAWMS is located near the NRCS SCAN site in the northeastern part of the
LWREW, one is located near the GRL Chickasha Field Office, and one is located at the GRL in
El Reno, OK. Each SHAWMS includes a profile of heat dissipation sensors which measures soil
water matric potential at 5, 10, 15, 20, 25, and 60 cm below ground surface, at 1-hour increments
(Starks 1999). SHAWMS data for June, July and August 2003 will be archived and linked for
direct access by SMEXO03 investigators.

For the AMSR calibration/validation project, each SHAWMS has also been equipped with an
Apogee infrared thermometer (IRT) and a Vitel Hydraprobe. The Apogees measure soil
surface/canopy temperatures every 30 minutes (instantaneous value). A nominal (i.e., factory-
supplied) calibration equation is used to provide “corrected surface temperatures.” The Vitel
Hydraprobes were installed with the center tine at 5 cm below the soil surface and provide a 30-
minute (instantaneous) value of volumetric soil water content and soil temperature.

Because of the large pixel size produced by AMSR, the spatial measurement domain was

expanded around the LWREW. This expansion was achieved by co-locating an instrument
package (one Apogee and four Hydraprobes) with the Minco, Ft. Cobb, Washington, and
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Ketchum Ranch Oklahoma Mesonet sites (described in a following section). A similar setup is
co-located with the existing DOE ARM/CART facility in the northcentral part of the LWREW.
This site is referred to as Capshew. The Hydraprobes at each of these sites are situated at 5, 20,
40, and 60 cm below the soil surface. These 5 sites are called VitelPro sites, shorthand for Vitel
Profiling sites. Data from the SHAWMS and VitelPro sites are automatically downloaded daily
to the GRL via cellular CDPD modems, where the data are quality controlled and archived on an
FTP site to support project objectives. Data from this network will be archived and linked for
direct access by AMSR and SMEXO03 investigators.

Calibrated profiling Time Domain Reflectometer (TDR) rods have been installed at all
SHAWMS sites and selected Micronet sites (Table 17). The type of TDR deployed on the
LWREW and the calibration of the TDR rods is described in Heathman et al. (2003).

Locations of the Micronet, SHAWMS, VitelPros, and TDR sites are shown in Figure 12 and
coordinates are listed in Table 16.

Table 16. Little Washita Watershed Area Micronet and Soil Moisture Sites

Micronet | Latitude | Longitude |Elevation . TDR
Site ID (Deg.) (Dgé o) (m) Vitel TIR | SHAWMS [Mesonet Profile
110 35.0143 | -98.0056 378 X
111 35.0159 | -97.9518 360 X X X X

121 34.9587 | -97.8985 343

122 34.9728 | -97.9528 368
123 34.9711 | -98.0056 381
124 34.9728 | -98.0580 387

125 34,9857 | -98.1280 419 X
130 34.9565 | -98.2847 437 X
131 34.9503 | -98.2336 458
132 34.9417 | -98.1783 427
133 349491 | -98.1281 430 X X X X
134 34,9366 | -98.0753 383 X X X X
135 34.9273 | -98.0198 365
136 34.9277 | -97.9656 343 X X X X
137 34.9451 | -97.9229 347 X
144 34.8790 | -97.9171 387 X X X X
145 34.8842 | -97.9714 368
146 34.8854 | -98.0231 358 X X X X

147 34.9069 | -98.0757 417
148 34.8992 | -98.1281 430

149 34.8984 | -98.1809 420 X X X X
150 34.9061 | -98.2511 430
151 34.9132 | -98.2928 446 X X X X X
152 34.8612 | -98.2511 415
153 34.8552 | -98.2001 414
154 34.8552 | -98.1370 393 X X X X
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155 34.8409 | -98.0202 390 X

156 34.8430 | -97.9584 397 X
157 34.8248 | -97.9123 408
158 34.7836 | -97.9327 408
159 34.7966 | -97.9932 439 X X X X
160 34.8003 | -98.0370 411
161 34.7973 | -98.0905 407
162 34.8133 | -98.1417 399 X X X X
163 34.8175 | -98.1950 408 X X X X
164 34.8216 | -98.2789 408 X
165 34.7828 | -98.1455 400
166 34.7538 | -98.0895 390 X
167 34.7545 | -98.0367 397
168 34.7542 | -97.9774 418 X
181 34.8697 | -98.3014 402
182 34.8449 | -98.0732 369
LW-SCAN | 35.2604 | -97.9789 358
Chicklab | 35.0456 | -97.9167 331 X
ER-SCAN | 35.5500 | -98.0170 427
El Reno 35.5500 | -98.0167 427 X

Washington | 34.9817 | -97.5206 340
Minco 35.2719 | -97.9556 431
Ft. Cobb | 35.1492 | -98.4667 420
Ket. Ranch | 34.5289 | -97.7644 341
Capshew | 34.9569 | -98.0761 400
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Oklahoma Mesonet

The Oklahoma Mesonet is an automated network of 115 remote, meteorological stations across
Oklahoma (Brock et al. 1995; Shafer et al. 2000). Each station measures nine core parameters:
air temperature and relative humidity at 1.5 m, wind speed and direction at 10 m, atmospheric
pressure, incoming solar radiation, rainfall, and bare and vegetated soil temperatures at 10 cm
below ground level. Nearly half of the sites provide supplemental instruments: temperature
sensors at 5 cm under bare and vegetated soil, and at 30 cm under vegetated soil. The Mesonet
was installed during 1993 and became operational on 1 January 1994. Since that time, over 100
million observations have been archived at an archiving frequency that exceeds 98% of the
possible observations. Data are collected and transmitted to a central point every 15 minutes
where they are quality controlled, distributed and archived (Shafer et al. 2000). For additional
information about the Oklahoma Mesonet, see http://www.ocs.ou.edu/programs/mesonet.html.

During 1996 matric potential sensors (the Campbell Scientific 229-L) were installed at 60 sites
in the Oklahoma Mesonet. The sensors were installed at depths of 5, 25, 60, and 75 cm. Based
upon the initial success in using data from this initial deployment of soil moisture sensors, 229-L
sensors were installed at an additional 43 Mesonet sites during 1998 and 1999. The network of
229-L sensors is unique in that they provide an estimate of both soil-water potential and water
content every 30 minutes (Reece 1996; Basara 1998; Starks 1999; Basara and Crawford 2000).
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As a result, the soil moisture sensors installed at more than 101 Mesonet sites are now providing
a continuous record of soil moisture conditions (two sites were decommissioned during 2001).

In 1998, the National Science Foundation provided funds to upgrade Oklahoma Mesonet with a
suite of instruments capable of measuring latent and sensible heat fluxes. Thus, sensors were
installed at 89 Mesonet sites during 1999 as part of the Oklahoma Atmospheric Surface-layer
Instrumentation System Project (Brotzge et al. 1999, Basara and Crawford 2002). Currently 10
site locations measure surface energy fluxes using the eddy correlation method. These sites are
referred to as OASIS Super Sites. The sensors at OASIS Super Sites allow these stations to
measure net radiation, sensible, latent, and ground heat fluxes. Also surface skin temperature is
measured at Super Sites using an infrared temperature sensor (IRT) manufactured by Apogee
and mounted at 2 m. In addition, surface skin temperature is measured at an additional 79 sites
designated as OASIS Standard sites. A detailed diagram of the Oklahoma Mesonet is shown in
Figure 13. Instrumentation features at each site are summarized in Table 17. It should also be
noted that soil moisture is measured at all OASIS site locations.

Data files from the Mesonet are copyrighted. However, SMEX Investigators will be able to
access the data through the CODIAC web site.

A subset of Mesonet sites has been identified for enhanced maintenance and study during
SMEXO03. All Mesonet sites are visited quarterly by field technicians to clean and calibrate
sensors as well as to provide site maintenance. However, to ensure that the highest quality data
is collected from sensors in and around the SMEXO03 domain, enhanced maintenance will be
performed. Thus, all sites in Figure 14 will be visited at two-week intervals beginning the week
of June 8 to clean sensitive instruments such as the IRT, net radiometer, and Krypton
hygrometer.

During the SMEXO03 operational period, Mesonet sites within the flight lines will be visited to
collect field observations that can be used to quantify the spatial and temporal variability of soil
moisture and skin temperature. Thus, IRT measurements will be collected at prescribed
locations within the site as well as the surrounding landscape using handheld sensors. In
addition, soil cores to a depth of 80 cm will be collected in and around designated sites. These
site visits will occur every 2-4 days and will last through the operational period.

Oklahoma Mesonet data will be archived as part of the SMEXO03 data set. There will be a lag in
delivery to allow quality control. SMEXO03 investigators can use the following site to obtain a
variety of products http://www.mesonet.org/public/current.html.
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Figure 13. Locations of the Oklahoma Mesonet sites.
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Figure 14. The Oklahoma Mesonet sites identified for enhanced maintenance and study during
SMEXO03.
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Table 17. Oklahoma Mesonet Sites and Characteristics

OASIS OASIS
Site Latitude Longitude Standard Super Soil Skin
Identifier (Deg.) (Deg.) Elevation (m) Site Site Moisture Temperature
ADAX 34.799 -96.669 295 X X X
ALTU 34.587 -99.338 416 X
ANTL 34.224 -95.701 179 X
ARDM 34.192 -97.085 266 X X X
ARNE 36.073 -99.901 719 X X X
BEAV 36.802 -100.530 758 X X X
BESS 35.402 -99.059 511 X X X
BIXB 35.963 -95.866 184 X X X
BLAC 36.754 -97.254 304 X X X
BOIS 36.693 -102.497 1267 X X X
BOWL 35.172 -96.631 281 X
BREC 36.412 -97.694 352 X X X
BRIS 35.781 -96.354 239 X X X
BUFF 36.831 -99.641 559 X
BURB 36.634 -96.811 301
BURN 33.894 -97.269 228 X X X
BUTL 35.591 -99.271 520 X X X
BYAR 34.850 -97.003 345 X X X
CALV 34.993 -96.334 234 X X X
CAMA 36.028 -99.346 589 X X X
CENT 34.609 -96.333 208 X X X
CHAN 35.653 -96.804 291 X X X
CHER 36.748 -98.363 362 X X X
CHEY 35.546 -99.728 694 X X X
CHIC 35.032 -97.914 328
CLAY 34.656 -95.326 186
CLOU 34.223 -95.249 221 X X X
COOK 35.679 -94.849 299 X X X
COPA 36.910 -95.885 250 X X X
DURA 33.921 -96.320 197 X X X
ELRE 35.548 -98.036 419 X X X
ERIC 35.205 -99.803 603 X X X
EUFA 35.300 -95.658 200 X X X
FAIR 36.264 -98.498 405 X
FORA 36.840 -96.428 330 X X X
FREE 36.726 -99.142 530 X X X
FTCB 35.149 -98.467 422 X X X
GOOD 36.602 -101.601 997 X X X
GUTH 35.849 -97.480 330 X X X
HASK 35.748 -95.640 183 X
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HINT 35.484 -98.482 493 X X X
HOBA 34.990 -99.053 478 X X X
HOLL 34.686 -99.834 497 X X X
HOOK 36.855 -101.225 912 X X X
HUGO 34.031 -95.540 175 X X X
IDAB 33.830 -94.881 110 X X
JAYX 36.482 -94.783 304 X X X
KENT 36.830 -102.878 1322 X X X
KETC 34.529 -97.765 341 X X X
KING 35.881 -97.911 319 X X X
LAHO 36.384 -98.111 396 X X X
LANE 34.309 -95.998 181 X X X
MADI 34.036 -96.943 232
MANG 34.836 -99.424 460 X X X
MARE 36.064 -97.213 327 X X
MARS 36.119 -97.601 315 X
MAYR 36.987 -99.011 555 X X X
MCAL 34.882 -95.781 230 X X X
MEDF 36.792 -97.746 332
MEDI 34.729 -98.567 487 X X X
MIAM 36.889 -94.845 247 X X X
MINC 35.272 -97.956 430 X X X
MTHE 34311 -94.823 285
NEWK 36.898 -96.911 366 X X X
NOWA 36.744 -95.608 206 X X X
OILT 36.031 -96.497 255 X X X
OKEM 35.432 -96.263 263 X X X
OKMU 35.581 -95.915 205 X X X
PAUL 34.716 -97.229 291 X X X
PAWN 36.361 -96.770 283 X X X
PERK 35.998 -97.048 292 X
PRYO 36.369 -95.272 201 X X X
PUTN 35.899 -98.960 589 X X X
REDR 36.356 -97.153 293 X X X
RETR 35.123 -99.360 538
RING 34.194 -97.588 283 X X X
SALL 35.438 -94.798 157
SEIL 36.190 -99.041 545 X X X
SHAW 35.365 -96.948 328 X X X
SKIA 36.415 -96.037 282 X X X
SLAP 36.597 -100.262 774 X X X
SPEN 35.542 -97.341 373 X X X
STIG 35.265 -95.181 173 X X
STIL 36.121 -97.095 272 X
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STUA 34.876 -96.070 256 X X X
SULP 34.566 -96.951 320
TAHL 35.973 -94.987 290 X X X
TALI 34.711 -95.012 204 X X X
TIPT 34.439 -99.138 387 X X X
TISH 34.333 -96.679 268 X X X
VINI 36.775 -95.221 236 X X X
WALT 34.365 -98.321 308 X X X
WASH 34.982 -97.521 345 X X
WATO 35.842 -98.526 517 X X X
WAUR 34.168 -97.988 283 X X X
WEAT 35.508 -98.775 538 X X X
WEBB 35.473 -95.132 145
WEST 36.011 -94.645 348 X X X
WILB 34.901 -95.348 199 X X X
WIST 34.985 -94.688 143 X X X
WOOD 36.423 -99.417 625 X X X
WYNO 36.517 -96.342 269 X X X
NINN 34.968 -97.951 356
ACME 34.806 -98.006 397 X X X
APAC 34.914 -98.292 440 X X X
HECT 35.844 -96.006 243 X
VANO 34.789 -96.843 320 X
ALV2 36.708 -98.708 439 X X
GRA2 34.239 -98.744 341 X X
PORT 35.826 -95.560 193 X X X
BEEX 34.191 -96.644 196
INOL 36.142 -95.451 190 X X X
NRMN 35.236 -97.465 357 X X
CLRM 36.321 -95.646 207
NEWP 34.228 -97.201 283
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DOE ARM CART

The Department of Energy's ARM CART SGP Site is centered near Lamont, OK, and covers an
area roughly 325 by 275 km, extending from the Little Washita watershed in Oklahoma north
into central Kansas. The SGP Extended Facilities (EF) include 22 installations providing
observations of air temperature, wind speed and direction, humidity, rainfall, and snow depth;
several measures of upwelling and downwelling visible and near-infrared radiation; and
estimates of sensible and latent heat fluxes in the atmospheric surface layer.
http://www.arm.gov/docs/sites/sgp/sgp.html

DOE ARM CART refers to its soil moisture systems as Soil Water and Temperature System, or
SWATS. These utilize the same heat dissipation sensors employed in the SHAWMS and
Mesonet. The SWATS take observations once every hour, with data transmitted automatically
via phone line every 8 hours. Data is also stored locally, and manually downloaded during
biweekly maintenance checks. The final design consists of electronics in a surface-mounted
enclosure (data logger, multiplexor, constant-current source, power supply, storage module, and
telecommunications equipment) supporting 16 CSI 229-L sensors, deployed in two profiles of 8
sensors each. Sensors are located at depths of 5, 15, 25, 35, 60, 85, 125, and 175 cm, rock
permitting. SWATS have been added to each of these Extended Facilities (EF). Locations of all
sites in Oklahoma are listed in Table 18. More information can be found at the following web
site http://www.arm.gov/docs/sites/sgp/sgp.html.

Table 18. DOE ARM CART Extended Facility Sites in Oklahoma

. SIRS
1D Name L(%lem%e (Ib():g.) tilrfz?r;) Land Cover Sllirlface SWATS | SIROS and SMOS
& & ux MFRSR
EF-11 Byron 36.881 | 98.285 360 Alfalfa ECOR Yes Yes Yes Yes

EF-12 | Pawhuska | 36.841 | 96.427 331 Native Prairie ECOR Yes No Yes No

EF-13 Lamont 36.605 | 97.485 318 Pasture & Wheat | EBBR Yes Yes Yes Yes

EF-14 | Lamont 36.607 | 97.488 315 Pasture & Wheat | ECOR Yes Yes Yes Yes

EF-15 | Ringwood | 36.431 | 98.284 418 Pasture EBBR Yes Yes Yes Yes
EF-16 Vici 36.061 | 99.134 602 Wheat ECOR Yes No Yes No
EF-18 Morris 35.687 | 95.856 217 Pasture EBBR Yes No Yes No
EF-19| ElReno | 35.557 | 98.017 421 Pasture EBBR Yes No Yes No
EF-20 | Meeker 35.564 | 96.988 309 Pasture EBBR Yes Yes Yes Yes
EF-21 | Okmulgee | 35.615 | 96.065 240 Forest ECOR Yes No Yes Yes
EF-22 | Cordell 35.354 | 98.977 465 Rangeland EBBR Yes No Yes No
EF-24 Cyril 34.883 | 98.205 409 Wheat ECOR Yes Yes Yes Yes
EF-26 | Cement 34.957 | 98.076 400 Pasture EBBR No No No No

ECOR=Eddy Correlation surface flux station
EBBR=Energy Balance Bowen Ratio surface flux station
SWATS= Soil Water and Temperature Station

SIROS= Solar and Infrared Radiation Observation Station
SIRS= Solar Infrared Radiation Station

MFRSR= Multi-Filter Rotating Shadowband Radiometer
SMOS= Surface Meteorological Observation System
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In addition to the EF sites there is the highly instrumented Central Facility (CF) near Lamont, 4
boundary facilities (BF), and 3 intermediate facilities (IF). Radiosondes are launched from the
CF on a regular schedule (only on weekdays). These are (in UTC): 0530, 1130, 2030, and 2330.

Do not enter a site being used by this program without obtaining permission. If any site
characterization of sampling is performed this should be done at least 100 m from the permanent
instrumentation.

5.3  Flightlines
P-3B

Flightlines in Oklahoma are designed to provide high altitude mapping of two Regional areas
(OS and ON), lower altitude mapping of the Little Washita Watershed (LW), and low altitude
water calibration. Flightline coordinates for the P-3B are provided in Table 19. A map of the
Regional lines is shown in Figure 15 and a map of the LW Watershed lines in Figure 16. The
standard mission will be as follows, however, there may be changes based on satellite overpass
times and weather conditions:

e Takeoff OKC 10:45 am CDT

e Water Cal 11:00 am CDT

e LW Lines 11:15 am - 12:00 pm CDT
e Ferry to ON

e ON Lines 12:30 pm — 1:15 pm CDT
e OS Lines 1:30 pm — 2:15 pm CDT
e Land OKC 3:00 pm CDT

All times are preliminary estimates and will depend upon specific features that will be
encountered and refinement by the aircraft mission manager. Mission duration is expected to be
4.5 hours.

Approximate ON Box (Greater than 2x3 EASE Grid Box)
Upper Left: 36.88, -98.044
Lower Right: 36.08, -97.424

Approximate OS Box (Greater than 2x4 EASE Grid Box)
Upper Left: 35.42,-98.336
Lower Right: 34.42, -97.716

A total of 9 regional and seven watershed missions are anticipated with the P-3B between (and
including) July 2™ and July 18™.
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Table 19. Oklahoma P-3B Flightlines

Altitude
Line al;(gie L(e;(r:rgl‘;h Type (Iﬁitézlég:) %ngigt(:?

level) :
okot) 00 | 10 | N e s
oko2) 100 | 10 | N S5 oo
oxan| 7 | 0 | Opjseenl | |
S I I o s T T
OK05| 7300 | 88 O&Egg;ﬁgal §2j‘§§8 :g;:gjﬁ
oxos| 700 | 88 | Nt eos | oraos
oko7) 100 | 88 | ONestne | esso | ored
okos| 7300 | 85 | ORIl s T orse
OK09 | 1500 | 64 LW Mapping §jj§§§ 2331‘7‘88
OKIO| 1500 | 64 LW Mapping ;3:3% 232;7188
OKI1| 1500 | 64 LW Mapping 33;233 23?‘7‘88
OKI12| 1500 | 64 LW Mapping 33:238 232;7188
OK13 | 500 10 Water Cal ;3:228 3232(3’
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DC-8

In order to accomplish the primary objectives for AIRSAR in SMEXO03, the DC-8 mission was
developed based on the following features:

Flights will be conducted only in Oklahoma to minimize transits and complement other
activities

Flights between July 2 and July 12, 2003. It is anticipated that there will be five flight dates.
The arrival and departure dates can also be science data collection dates.

Flights will be concentrated over the Little Washita Watershed, an area 10 km North-South
and 40 km East-West where intensive ground sampling will be conducted. Swath coverage
areas are summarized in Table 20. Multiple flightlines are desired in order to produce a
composite image of the watershed with a nominal incidence angle range close to 40 degrees
(the proposed HYDROS incidence angle). This will facilitate the disaggregation studies. In
addition, this design will result in multiple incidence angle observations over the test sites,
which will allow the exploration of new algorithm concepts. Note that the flightline
coverage areas are defined by corner coordinates.

Regional coverage data sets will be collected for extrapolation of the watershed results to
larger scales typical of satellite radiometer footprints. Swath coverage areas are summarized
in Table 20.

Concurrent flights will be made to acquire Envisat ASAR data during SMEXO03.

Flight plan ((2.5 hours)

Takeoff OKC 10:00 am CDT
LW Lines 10:15 am —11:00 am CDT
OS and ON Lines 11:15 am — 12:15 pm CDT
Land OKC 12:30 pm CDT

Table 20. NASA DC-8 AIRSAR Flightline Parameters

Description Box Latitude | Longitude | Altitude | Length
(Deg) (Deg) (Km) | (Km)
Watershed
Four lines will be flown in an East- 34.9705 -98.4 8 50
West racetrack to provide coverage of LW 34.9705 -97.7
the area at angles between 35 and 45 Box 34.8847 -97.7
degrees. 34.8847 -98.4
Regional
35.42 -98 8 100
Regional | 35.42 -97.764
Box 1 34.42 -97.764
Coverage of two boxes using a single 34.42 -98
North-South line for each. 35.42 -97.805 8 100
Regional | 35.42 -97.56
Box 2 34.42 -97.56
34.42 -97.805
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5.4  Ground Sampling

Regional site ground sampling in Oklahoma South (OS) and Oklahoma North (ON) will follow the
general protocols described earlier. The sites selected are listed in Tables 21 and 22. Within OS
there will be a slightly higher density of sites in the vicinity of the LW because a secondary
objective to sampling is the verification of the measurements provided by the various Insitu
instrumentation.

In order to support the 2DSTAR and AIRSAR requirements, a number of field sites will be sampled
within the LW. Most of these have been used as test sites in previous experiments and to the degree
possible these are arranged in clusters. Watershed sites are listed in Table 23 and shown in Figure
17. The numbering of these sites is not sequential. We attempted to retain site ids used in the
previous SGP97 and SGP99 experiment. However, not all sites were retained and some new sites
were added.

Regional and Watershed teams will operate independently. The Field sampling will follow the
protocol described in a later section. All ground sampling is conducted every day. Do not assume
cancellations, unless specifically informed by the group leader. The group leader may cancel
sampling if it is raining, there are severe weather warnings or a logistic issue arises.

Table 21. OS Regional Sites
Site Network Site Crop Reference Coordinates
ID Latitude (Deg.) | Longitude (Deg.)
0S01 Pasture 35.37438 98.23543
0S02 Pasture 35.29907 98.26022
0S03 Pasture 35.23831 98.27113
0S04 WW 35.17652 98.25400
0S05 Pasture 35.11597 98.23364
0S06 Pasture 35.01948 98.23611
0S07 | 151, APAC Pasture 3491324 98.29260
0S08 149 Pasture 34.89847 98.18076
0S09 164 Pasture 34.82172 98.27895
0OS10 Pasture 34.73054 98.23256
OSl11 WW 34.66512 98.19780
OS12 Pasture 34.59947 98.21086
OS13 WA 34.51481 98.21395
0OS14 Pasture 35.36880 98.13013
OS15 Pasture 35.27254 98.13255
0OS16 Pasture 35.22438 98.09706
OS17 WWwW 35.11532 98.09037
OS18 125 Pasture 34.98570 98.12800
OS19 133 Pasture 34.94923 98.12802
0S20 134 Pasture 34.93693 98.07493
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0S21 146 Pasture 34.88594 98.02265
0S22 154 Pasture 34.85542 98.13688
0823 162 Pasture 34.81353 98.14159
0S24 166 Pasture 34.75389 98.08944
0S25 Pasture 34.63645 98.10825
0S26 Pasture 34.53192 98.10493
0S27 WW 35.33333 97.94253
0S28 MINC Pasture 35.27247 97.95569
0S29 WW 35.21081 97.95615
0S30 Pasture 35.14403 97.96062
0S31 CHIC Pasture 35.04625 97.91549
0S32 111 Pasture 35.01601 97.95205
08S33 SCAN Pasture 3496181 97.97213
0S34 136 Pasture 34.92794 97.96533
0S35 144 Pasture 34.87909 97.91703
0S36 159 Pasture 34.79670 97.99321
0S37 Pasture 34.67766 97.96026
0S38 Pasture 34.59628 97.96488
0S39 WW 34.52382 98.00271
0S40 WW 35.39282 97.87285
0S41 Pasture 35.31077 97.8496

0S42 Pasture 35.21968 97.83177
0843 Pasture 35.14339 97.83121
0S44 Pasture 35.06770 97.81290
0S45 Pasture 34.98445 97.76084
0S46 Pasture 34.97206 97.82018
0S47 Pasture 34.81138 97.79295
0S48 Pasture 34.73059 97.86178
0S49 Pasture 34.65648 97.81067
0S50 Pasture 34.58209 97.81141
0OS51 KETC Pasture 34.52895 97.76501
0S52 Pasture 34.48990 97.85127

Table 23. ON Regional Sites
Site Network Site Crop Reference Coordinates
ID Latitude (Deg.) | Longitude (Deg.)

ONO1 WwW 36.80039 97.96424
ONO2 Pasture 36.7409 97.96403
ONO3 WwW 36.66223 97.96777
ONO04 WwW 36.59533 97.89555
ONO5 Pasture 36.51976 97.91237
ONO06 WwW 36.46183 97.90581
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ONO7 wWw 36.32508 97.88768
ONO8 wWw 36.24954 97.88841
ONO09 wWw 36.18639 97.89331
ONI10 MEDF Pasture 36.79207 97.74579
ONI11 wWw 36.73674 97.78197
ON12 wWw 36.66735 97.81966
ONI13 wWw 36.57713 97.80360
ON14 Pasture 36.50852 97.78455
ONI15 wWw 36.43546 97.78101
ON16 WwWw 36.34920 97.78135
ON17 WwWw 36.26509 97.78099
ONI18 WwWw 36.19639 97.78106
ON19 wWw 36.80786 97.68097
ON20 A% 36.74972 97.68095
ON21 WwWw 36.67683 97.66776
ON22 WwWw 36.58395 97.65628
ON23 WwWw 36.50741 97.65627
ON24 BREC WW/Pasture 36.41210 97.69438
ON25 WwWw 36.31789 97.71033
ON26 wWw 36.25896 97.71296
ON27 MARS WW/Pasture 36.11870 97.60159
ON28 wWw 36.83133 97.53726
ON29 wWw 36.75136 97.5427
ON30 wWw 36.69658 97.53041
ON31 wWw 36.61033 97.57633
ON32 wWw 36.50703 97.57655
ON33 wWw 36.43239 97.55382
ON34 wWw 36.33145 97.57072
ON35 wWw 36.25909 97.55835
ON36 Pasture 36.17242 97.57028
Table 24. LW Watershed Sites
Site Ne?twork Crop Reference Coordinates
Site ID Latitude (Deg.) | Longitude (Deg.)

LW02 SCAN Grass 34957222 -97.981796

34.960445 -97.979127

LWO03 EF-26 Grass 34.956683 -98.083986

Capshew| 34.963383 -98.075696

LW04 Grass 34956749 -98.092856

34.963383 -98.083986

LWI11 136 Grass 34.920332 -97.970097

34.927566 -97.961799
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LW12 Grass 34.920332 -97.961972
34.927493 -97.953260
LW13 Grass 34.913771 -97.961972
34.920332 -97.953353
LW20 WWwW 34.913402 -98.286102
34.920658 -98.277829
LW21 WW 34.906087 -98.284195
34.913083 -98.277895
LW22 WWwW 34.906318 -98.277626
34.913030 -98.269029
LW25 WWwW 34.934802 -98.338803
34.940978 -98.330541
LW26 WWwW 34.935025 -98.330261
34.942011 -98.321662
LW27 WWwW 34.936140 -98.303652
34.942134 -98.295709
LW28 WWwW 34.935097 -98.295112
34.942082 -98.286839
LW3l1 Crop 34.931484 -97.977187
34.934677 -97.970906
LW32 Crop 34.931423 -97.969962
34.938659 -97.961987
LW33 Crop 34.935402 -97.960714
34.942107 -97.954060

Figure 16. LW Field sampling sites.
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5.5 Logistics
Security

Access to the ARS facility in Chickasha will only be permitted when there is an ARS federal
employee present.

Field and Lab Safety
See Appendix A
Hotels

Oklahoma City

Embassy Suites Hotel (Aircraft Briefing Hotel)
1815 South Meridian

Oklahoma City, OK 73108

(405) 682-6000

A block of rooms has been secured at the Embassy Suites at $65 (plus tax). We will also have
the use of a separate room for briefings. It is strongly suggested that you take advantage of this
rate. The affiliation name is USDA. This rate will only available to those staying an extended
period. Otherwise, the Hampton Inn usually has a government rate. A Wingate Inn and
Hampton Inn are next door. Refer to the following web  site
http://www.okccvb.org/hotel/hotel.php for phone numbers etc.

Chickasha, OK

For ground sampling in OS it is recommended that you stay in Chickasha, which is where the
field HQ will be.

Days Inn

2701 S 4th Street

Chickasha, OK 73018

(405) 222-5800

Group Rate under USDA $36/night single or $41/night double

Best Western Inn (alternate 340/night)
2101 S 4th Street

Chickasha, OK 73018

(405) 224-4890

There are other places listed at the following web site http://www.chickasha-
cc.com/Tourism/Motel%20Listing.htm.
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Stillwater, OK

For ground sampling in ON it is recommended that you stay in Stillwater, which is where the

field HQ will be. The following hotel is suggested.

Holiday Inn

2515 W. 6th Ave.

Stillwater, OK 74074

(405) 372-0800

Fax: (405) 377-8212
http://www.ichotelsgroup.com/h/d/hi/hd/swook
Rates: $56 for singles (under 2USD)

Shipping Information

Chickasha, OK
Prior to June 16

USDA ARS Offices El Reno, OK (405) 262-5291 fax (405) 262-0133
Pat Starks USDA ARS

USDA ARS Grazinglands Res. Lab

7207 W. Cheyenne St.

El Reno, OK 73036

After June 16

USDA ARS Offices Chickasha, OK (405) 224-7393 fax (405) 224-7396
Gary Heathman USDA ARS

USDA ARS

Route 3 Cotton Research Rd.

Chickasha, OK 73018

Stillwater, OK

Ronald Elliott

Biosystems and Agricultural Engineering Lab
Oklahoma State University

323 North Cleveland St.

Stillwater, OK 74078

Wayne Kiner (Laboratory Manager) - (405) 744-5428
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Directions
Chickasha, OK

Maps showing the locations of the Embassy Suites Hotel, ARS Chickasha Lab, the Chickasha
Motels, and the OSU lab are included in Appendix B. A 1995 aerial photo showing the ARS
facility is shown in Figure 17. The main building is a tan metal structure. Enter on the east side.

&

-

Figure 17. Aerial and ground photos showing the ARS Chickasha Lab location and general
directions from the hotel and Oklahoma City.

59



Stillwater, OK

From the OKC airport terminal the access road will be taking you North.

Drive about 1.5 miles and turn right (East) onto Airport Drive, a divided highway.
Drive about 1.2 miles to 1-44. Take the 1-44 East to Tulsa, a lefthand exit.

Follow 1-44 East about 18 miles to I-35 North to Wichita.

(Note, at about 6.5 miles from the Airport Drive [-44 exits to the right. Be sure to follow it.

At 13.5 miles [-35 and [-44 combine for 4.5 miles before 1-35 heads north. Do not take the

Turner Turnpike, I-44 Toll.)

Follow I-35 North about 36 miles to Exit 174. Exit right on Highway 51 East to Stillwater.
Drive east on 51 about 17 miles To Stillwater.
Turn left (north) on Monroe, the second traffic light.
Ag Hall is on the SW corner of Monroe and Farm Rd.
Biosystems Lab: Southeast corner of Cleveland and Hall of Fame
Total Distance: 74 miles
Estimated Time: 1 hour, 15 minutes

Local Contacts

USDA ARS Offices Chickasha, OK (405) 224-7393 Gary Heathman
USDA ARS Offices El Reno, OK (405) 262-5291 Pat Starks
OSU Biosystems & Agricultural Engineering Laboratory (405) 744-5428 Ron Elliott
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6 LITTLE RIVER WATERSHED, GEORGIA (GA)

The first deployment will cover the GA and AL sites. The aircraft base of operations will be the
Huntsville International Airport during this deployment. On a given day it would be possible to
choose the best target and if required both sites could be flown. The general locations of the two
sites are shown in Figure 18.
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Figure 18. General locations of the AL and GA regional areas.
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6.1 Regional Description

Figure 19 illustrates the general vegetation conditions that can be expected in the Little River
Georgia (GA) region during SMEXO03. There is considerable forest, primarily pines in the
uplands and field edges, and some hardwoods in the stream bottoms. The dominant crop types
are peanuts and cotton. Other types of crops grown include tobacco, corn, soybeans, melons, and
some vegetable crops, these are in minor acreage. Corn and melons are planted early in the year
(March), cotton will be planted throughout the end of April and early May, and peanuts will be
planted in May. Corn will develop a full canopy by May-June, peanuts and melons will cover the
soil surface by the end of June, and Cotton will fill out some time in July. The photo shown in
Figure 20 is of cotton and was taken on June 21 of 1999 following an early May planting. Figure
20 also shows peanuts in early July. Most of the soils are well drained and have a sandy surface
layer and a loamy subsoil that is mostly mottled. Nearly level to gently sloping soils are
extensive on uplands. Most of these soils are well drained and have smooth, convex slopes. In
places, poorly drained soils are in depressions and along drainageways. These soils have a sandy
surface layer and a loamy subsoil. Nearly level flood plain soils are common near the rivers and
creeks. These soils are poorly drained and mainly loamy throughout.

Figure 19. Landsat TM Image from June 2000 for the Little River Georgia Region.
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Figure 20. Vegetation conditions in the GA Regional area expected in late June. Top photo shows
peanuts and the bottom photo shows cotton.

6.2  Insitu Soil Moisture and Meteorological Networks
The USDA-ARS Southeast Watershed Research Lab has collected hydrologic and climatic data
on the 334 km” Little River (LR) Experimental Watershed near Tifton, Georgia since 1968. Its

hydrologic network consists of raingages and streamgages within nested watersheds as shown in
Figure 21.
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LITTLE RIVER WATERSHED
Tifton, GA
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Southeast Watershed Research Laboratory
Tifton, Georgia

Figure 21. The Little River Watershed raingages and streamgages. Precipitation stations with soil
moisture probes are highlighted.

64



The Little River Watershed is in the headwaters of the Suwannee River Basin, a major interstate
basin that begins in Georgia and empties into the Gulf of Mexico in the Big Bend region of
Florida. The Suwannee River Basin is completely contained in the Coastal Plain Physiographic
Region and is the largest free-flowing river in the Southeastern U.S. Coastal Plain. The Little
River is a tributary of the Withlacoochee River which, along with the Alapaha River, is one of
two main tributaries of the Suwannee River.

The experimental watersheds are located in a paired and nested arrangement that facilitates
testing of analytical formulas and modeling concepts. Instrumentation was installed in the late
1960's and early 1970's and has been in continuous operation since that time. Continued
operation of this hydrologic network supports hydrologic research as well as the environmental
quality and riparian research programs of the SEWRL and cooperators.

Extensive land use information (Williams 1982, Perry et al. 1999) and physical characterization
data (Sheridan and Ferreira 1992) exist for the LREW. The watershed land use is a mixture of
row-crop agriculture, pasture and forage production, upland forest, and riparian forest. Sub-
watersheds range from about 25% to about 65% agricultural land. A detailed data management
system exists to provide processing, editing, and summarization of LREW data (Sheridan et al.
1995). Rainfall in the region is poorly distributed and often occurs as short-duration, high-
intensity convective thunderstorms (Bosch et al. 1999). Hydrologic and water quality
measurements collected on the watershed include stream flow, precipitation, and nutrient,
pathogenic bacteria, and pesticide content. The hydrologic measurement network consists of
eight horizontal broad-crested weirs with v-notch center sections. Five minute continuous
upstream and downstream stage data are recorded. Within the watershed a network of 35 tipping
bucket precipitation gages record five minute cumulative rainfall (Figure 21). The spacing
between the precipitation gages varies from three to eight km.

As part of the project sponsored by the NASA Aqua Calibration/Validation Program, surface soil
moisture sensors have been installed at a number of locations in the LR and surrounding region
(Figure 21). Thirty-nine Stevens-Vitel (http://www.stevenswater.com/) soil moisture probes
have been installed at thirteen locations within or near the watershed. Each of the thirteen
locations contains three soil moisture probes and a digital-recording raingage. The soil moisture
sensors are installed at 5, 20, and 30 cm. Precipitation totals are recorded every minute during
rainfall events and half-hour soil moisture averages are calculated from five minute readings.
All data are transferred daily and available on a near real-time basis from the SEWRL web site
at: http://www.tifton.uga.edu/sewrl/.

The sites are approximately 9 km apart. The selected subset of LR raingage sites provides
watershed-area coverage (Figure 21) and cover a range of soil types (Table 23). There is one
NRCS SCAN site within the watershed (http://www.wcce.nres.usda.gov/scan/index2.html), a
Bowen ratio station, and three University of Georgia meteorological stations where rainfall, air
temperature, relative humidity, incoming solar radiation, and wind speed and direction are
measured. An additional seven soil moisture sites will be established in 2003. These sites will
be distributed outside of the watershed and at existing raingage sites.
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Additional  Information on the Little River watershed can be found at
http://www.tifton.uga.edu/sewrl/. In addition, the state of Georgia has an extensive
meteorological network and provides both real time and historic data products. The Georgia
Automated Environmental Monitoring Network was established in 1991 by the College of
Agriculture and Environmental Sciences of the University of Georgia. Each station monitors air
temperature, relative humidity, rainfall, solar radiation, wind speed, wind direction, and soil
temperature at 2, 4, and 8 inch depths every 1 second. Data are summarized at 15 minute
intervals and at midnight a daily summary is calculated. There are 40 stations distributed over the
state. This information can be found at http://www.griffin.peachnet.edu/bae/. One of these sites
is about 3 km off the lower SE boundary of the watershed.

Table 23. Locations of GA Little River Watershed Insitu Soil Moisture Sites.

. Latitude Longitude | Elevation .
Site Name (WGS84) (W (%88 4) (m) Soil Type
RG12 31.523 -83.639 101.21 Fuquay loamy sand 0-5% slope
RG16 31.557 -83.567 123.13 Tifton loamy sand 2-5% slope
RG22 31.591 -83.655 105.20 Tifton loamy sand 2-5% slope
RG26 31.629 -83.612 115.77 Tifton loamy sand 2-5% slope
RG31 31.671 -83.698 121.80 Tifton loamy sand 2-5% slope
RG32 31.673 -83.642 123.04 Tifton loamy sand 2-5% slope
RG34 31.692 -83.693 112.14 Fuquay loamy sand 0-5% slope
RG39 31.705 -83.705 112.53 Fuquay loamy sand 0-5% slope
RG40 31.711 -83.674 134.27 Tifton loamy sand 2-5% slope
RG43 31.726 -83.716 132.24 Tifton loamy sand 2-5% slope
RG50 31.752 -83.693 113.08 Sunsweet gravelly sandy loam 5-12% slope
RG62 31.508 -83.560 107.62 Dothan loamy sand 2-5% slope
RG63 31.521 -83.548 110.85 Fuquay loamy sand 0-5% slope
LR SCAN 31.506 -83.565 106.68 Dothan loamy sand 2-5% slope
LR Bowen 31.506 -83.565 106.68 Dothan loamy sand 2-5% slope
UGA Tifton 31.500 -83.533 116.00 Tifton loamy sand 0-2% slope

6.3  Flightlines

It is anticipated that there will be three missions between and including July 23" and July 2".
Flightlines are listed in Table 24 and shown in Figure 22.

Table 26. SMEXO03 Georgia (GA) Flightlines
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There are several possible daily mission plans that may be used because we will be conducting

experiments in both AL and GA while deployed at HSV.

HSV Plan A: Fly both the GA and AL on the same day (5 hours)

Takeoff HSV ~ 9:30 am CDT

Ferry to GA

GA Lines 11:45 am — 12:45 pm EDT
Ferry to AL

AL Lines 1:00 -2:00 pm CDT
Water Cal 2:15 pm CDT

Land HSV 2:30 pm CDT

HSV Plan B: Only AL (2 hours)

Takeoff HSV 11:30 am CDT

AL Lines 12:00 - 1:00 pm CDT
Water Cal 1:15 pm CDT

Land HSV 1:30 pm CDT

HSV Plan C: Only GA (3:45 hours)

Takeofft HSV ~ 9:45 am CDT

Ferry to GA

GA Lines 12:00 — 1:00 pm EDT
Ferry to AL

Water Cal 1:15 pm CDT

Land HSV 1:30 pm CDT

HSV Plan D: Only AL July 2 (3:45 hours)

Takeoff HSV  9:45 am CDT

Water Cal 10:00 am CDT

AL Lines 11:00 am - 12:00 pm CDT

Ferry to OK

Land OKC 1:30 pm CDT (POTENTIAL OK MISSION)
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6.4

Ground Sampling

Regional site ground sampling in GA will follow the general protocols described earlier. The sites
selected are listed in Tables 25. Within GA there will be a slightly higher density of sites in the
vicinity of the LR because a secondary objective to sampling is the verification of the measurements
provided by the various Insitu instrumentation.

Ground sampling will be conducted on days with either aircraft missions or a satellite overpass.

Table 25. GA Regional Sites.
Site Ngtwork Crop Trrigation Reference Coordinates
Site ID Latitude (Deg.) | Longitude (Deg.)
GAO1 RS 18 cotton N 31.7319 -83.7049
GA02 RS 17 forest N 31.7269 -83.7155
GAO03 RS 19 cotton N 31.7394 -83.7227
GA04 RS 20 forest N 31.7328 -83.7602
GAO5 | Hardin 4 strip-till cotton N 31.8041 -83.8232
GAO06 | Tison 1 pasture N 31.7011 -83.8876
GAO7 | Tison 2 peanuts N 31.7269 -83.9372
GAO8 | Tison 3 forest N 31.7354 -83.9310
GA09 RS 21 young pines N 31.6758 -83.7193
GAI10 | Greene 5 pasture N 31.8199 -83.6834
GAIll | Greene 4 corn Y 31.8074 -83.6518
GA12 | Greene 3 strip-till cotton N 31.7957 -83.6390
GA13 | Greene 2 pasture N 31.7636 -83.6099
GAl4 | Wilson forest N 31.7862 -83.5114
GA15 Story strip-till cotton Y 31.7214 -83.4662
GAl6 Jones forest N 31.7208 -83.5916
GA17 | Apperson 1 cotton N 31.4648 -83.9164
GA18 | Apperson 2 cotton N 31.4794 -83.8797
GA19 | Jeffords forest N 31.4968 -83.8263
GA20 | Young4 strip-till cotton Y 31.6105 -83.7596
GA21 RS 22 cotton N 31.6308 -83.7099
GA22 | Young5 forest N 31.5963 -83.7110
GA23 RS 15 double row peanuts Y 31.5678 -83.6943
GA24 Land pasture N 31.5282 -83.7009
GA25 Gibbs forest N 31.4355 -83.5847
GA26 RS 1 TOW Crops Y 31.4416 -83.5869
GA27 RS2 pasture N 31.4907 -83.5928
GA28 RS 3B peanuts Y 31.5101 -83.6458
GA29 RS 4 forest N 31.5314 -83.6339
GA30 RS 11 pasture N 31.5603 -83.6180
GA31 RS 13 TOW Crops Y 31.5568 -83.6279
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GA32 | Register 1 forest Y 31.6049 -83.4720
GA33 | Register 2 cotton Y 31.6033 -83.4874
GA34 RS 16 TOW Crops Y 31.6345 -83.6305
GA35 RS 10 TOW Crops N 31.5513 -83.5788
GA36 RS 9 TOW Crops Y 31.5432 -83.5532
GA37 RS 5B cotton Y 31.5086 -83.5573
GA38 | Lasseter 1 cotton Y 31.2240 -83.7496
GA39 Evarts forest N 31.2594 -83.8434
GA40 | Lasseter 2 pasture Y 31.2923 -83.8176
GA41 | Lasseter 3 cotton Y 31.3339 -83.8174
GA42 | McCorvey rOW Crops Y 31.3699 -83.8364
GA43 | Oak Ridge forest N 31.3686 -83.7482
GA44 | Dodson B pasture Y 31.4140 -83.6112
GA45 | Dodson C cotton Y 31.4036 -83.6265
GA46 | Dodson F forest N 31.3840 -83.6774
GA47 | Baker2 cotton Y 31.2232 -83.6099
GA48 | Baker 3 cucumbers Y 31.2627 -83.5575
GA49 | Janelle forest N 31.3337 -83.4848

6.5 Logistics

Security

Access to the ARS facility in Tifton will only be permitted when there is an ARS federal employee

present.

Field and Lab Safety

See Appendix A

Hotel

Microtel Inn

196 S Virginia St.

Tifton, GA

229-387-0112
Quoted a group weekly rate of $343 for a double suite ($49/night)

Should be under Experiment Station/Dave Bosch

Shipping Information

Attn: David Bosch

USDA-ARS,

PO Box 946

SEWRL
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2375 Rainwater Road
Tifton, GA 31794

Directions

To reach the SEWRL laboratory from Interstate take exit # 64, the Rural Development Center and
ABAC exit, proceed south on Hwy 41 to 20th St. Proceed west over railroad track to Moore
Hwy. Go right on Moore Highway traveling north. Just after going under I-75 take a left onto
Rainwater Road. Continue west on Rainwater to the blue office building at 2375 Rainwater.

Maps showing the locations of the, ARS Tifton Lab and local hotels are included in Appendix B.
Local Contacts

David Bosch

USDA-ARS, SEWRL

PO Box 946

2375 Rainwater Road

Tifton, GA 31794
dbosch@tifton.usda.gov

(t) 229-386-3899 (1) 229-386-7294

Dr. Tim Strickland

USDA-ARS, SEWRL
Tstrickland@tifton.usda.gov

(t) 229-386-3515 (f) 229-386-7215
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7 ALABAMA MESONET (AL), ALABAMA
7.1  Regional Description

The northern Alabama study area spans the Alabama-Tennessee border in the Tennessee River
Valley (Figure 23). The eastern third of the study area is comprised of remnants of the
Cumberland Plateau and is characterized by significant relief (Figure 24). The remaining part of
the study area is a smooth or gently rolling plain that is part of the Highland Rim of the Interior
Low Plateau.

e Y
LN

%,
7Tennessee

Study Area

Figure 23. Map showing the location of the study area in the Tennessee Valley spanning the
Alabama-Tennessee state line.

About 60 percent of the study area is covered by soils with moderate infiltration rates. These
soils overlie primarily Paleozoic carbonate rocks that are predominant in the eastern part of the
study area. These soils are very deep, clayey soils on gently sloping uplands. Typically, they
have dark-reddish brown silt loam topsoil and a dark red silty clay loam and clay subsoil. Soils
with slow infiltration rates cover about 38 percent of the study area. These soils primarily
overlie the sandstone and unconsolidated sand, but also overlie carbonate rocks. These soils are
moderately deep, loam soils on gently sloping uplands. Typically, they have dark-grayish brown
fine sandy loam surface layer and brownish sandy clay loam sub-soils overlying hard sandstone
bedrock at a depth of 20 to 40 inches. Other locations of the study region have a mixture of soils
with moderate to slow infiltration rates, and in some places very slow infiltration rates, which
cover about 2 percent of the area. Soils with high infiltration rates are present in less than 1
percent of the area and are located at the northern and eastern parts of the area.
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Figure 24. Photographs that depict the “typical” setting characteristic of the Alabama study area.
The hills in the upper photograph are remnants of the Cumberland Plateau and comprised
predominantly of limestone bedrock. A cotton crop is shown in the lower photograph.

Most of this area consists of small and medium-sized farms. Agricultural land (pasture and
cultivated land) accounts for about 40 percent of land use. Pasture accounts for about 72 percent
of all agricultural land throughout the study area. Cultivated land generally is located in the
central and southwestern part of the study area, where relief is lowest (Figure 24 and 25). The
western region contains the largest percentage of cultivated land (16 percent). Corn, soybeans,
cotton, and wheat are the predominant crops grown in this area. Corn acreage was the largest of
the crop areas in 1992 and accounted for about 34 percent of the total harvested acreage of these
crops (U.S. Department of Commerce, 1994). Soybean acreage accounted for about 32 percent,
cotton about 23 percent, and wheat about 11 percent of the total harvested acreage of all four
crops in 1992. The amount of forested land ranges from about 27 percent in the western part to
68 percent in the eastern part of the study region where topographic relief is greatest. The
plateau and remnant “mountains” support a mixed oak-pine forest. Shortleaf pine, loblolly pine,
sweetgum, yellow-poplar, red oaks, and white oaks are the major overstory species. Dogwood
and redbud are major midstory species. Japanese honeysuckle, greenbrier, low panicums,
bluestems and native lespedezas are understory species.
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Figure 25. False-color image of the northern Alabama study area (yellow boundary). The arrow
points to downtown Huntsville, Alabama. The southern end of the Cumberland Plateau is the red
feature in the eastern portion of the study area. Cultivated land is green or white, pasture is pink.

The study region has a temperate and warm, humid climate. Average temperature across the
region ranges from 56 to 61°F with an average annual temperature of about 59°F. The warmest
months are July and August and the coolest month is January. Average annual precipitation is
about 56 inches. The average amount of precipitation for individual sites in the study area ranges
from about 50 inches in the western part of the study area to about 60 inches in the eastern part
of the study area. The increase in precipitation from west to east generally corresponds to the
increase in elevation. Average rainfall amounts are highest during November through May,
with March generally being the wettest month. Average rainfall amounts are lowest from June
through October. August through October are usually the driest months of the year.

7.2  Meteorological and Soil Moisture Networks
Alabama Mesonet
The Center for Hydrology, Soil Climatology, and Remote Sensing (HSCaRS) developed an
outdoor research and teaching laboratory equipped with permanent sensors that continuously
record environmental and meteorological data. The HSCaRS Mesonet is located in north central

Alabama covering an area of approximately 6300 km” (Figure 26). The network covers Madison
county and portions of Jackson, Limestone, Marshall, and Morgan Counties.
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Figure 26. Map showing the location of meteorological (triangles) and soil profile (circles)
monitoring stations in northern Alabama.

The Mesonet includes seven meteorological stations and 16 soil profile stations (Figure 26 and
Tables 27 and 28). The meteorological stations and associated soil profile systems are part of the
USDA NRCS NWCC Soil Climate Analysis Network (SCAN). They are fully automated and
provide near real-time observations at five-minute intervals that are averaged over 60 minutes
and transmitted to the NWCC and HSCaRS laboratories every hour through the USDA SCAN
system for quality control and dissemination. The data collected at each weather station include:
soil moisture and temperature, air temperature and relative humidity, wind speed and direction,
solar radiation, rainfall (Figure 27) (Table 29).

Soil profile systems are collocated with each of the seven meteorological stations. There are 16
additional soil profile stations located throughout the Mesonet area (Figure 27) (Table 29). The
soil profile stations are equipped with soil moisture and temperature sensors, soil heat flux plates,
and a tipping bucket rain gauge. The soil moisture sensors records soil moisture fluxes at five
depths between 5 and 102 cm. Soil temperature is measured at 5, 10 and 20 cm and soil heat
flux is measured between 5 and 10 cm. These data are recorded at 15-minute intervals and
stored on data loggers, which are downloaded every two weeks for quality control and
dissemination. Additionally, laboratory measurements of the thermal conductivity, diffusivity
and specific heat capacity of the soil at each soil profile station are available.
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Table 27. Location of SCAN stations and associated land cover.

. Latitude Longitude Elev.
Site # (Deg.) (Di o) (m) Land cover
WS 1 34.8488 -86.8848 203 | Pasture near ditch
WS 2 34.4403 -87.0141 193 | Wetland edge
WS 3 34.4449 -86.1652 209 | Grassland on knoll
WS 4 34,4393 -86.6874 175 | Pasture
WS 5 34.7854 -86.5591 Grassland on campus
WS 6 34.9016 -86.5385 191 | Grassland on A&M farm
WS 7 34.8659 -86.1026 512 | Edge of pine forest on hillside
WS 8 35.0747 -86.8942 221 | Grassland on hilltop
WS 9 35.0643 -86.5914 300 | Pasture near paved road
WS 10 35.1392 -86.1911 305 Grassland

Table 28: Location of Alabama Mesonet soil profile stations and associated land cover.

Latitude

Longitude

Elev.

Site # (Deg.) (Deg.) (m) Land cover

PS 1 34.9012 -86.8866 204 | Cotton field beside hardwood forest
PS 2 34.7000 -86.8910 Cotton field

PS 3 34.5890 -86.8607 Cotton field

PS4 34.5408 -86.7534 193 | Clearing in pine forest

PS5 34.8411 -86.7666 Pasture on hillside near paved road
PS 6 34.8937 -86.6024 Cotton field

PS7 34.6687 -86.7383 200 | Pasture at edge of gravel lot

PS 8 34.5335 -86.3900 179 | Pasture near paved road

PS 9 34.7451 -86.5124 495 | Hilltop clearing in hardwood forest
PS 10 34,7858 -86.4473 Cotton field

PS 11 34.5690 -86.3715 Grassland near ditch

PS 12 34.8984 -86.1706 Clearing in hardwood forest; sloped
PS 13 34.9369 -86.3443 251 | Cotton field on hilltop

PS 14 34.7596 -86.2051 212 | Grassland near paved road

PS 15 34.5311 -86.2511 348 | Grassland on hilltop near paved road
PS 16 34.5804 -86.5614 River bottom
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